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FOREWORD 


The  project  documented  in  this  report  received  funding  under  the 
Innovative  Housing  Grants  Program  of  Alberta  Municipal  Affairs,  The 
Innovative  Housing  Grants  Program  is  intended  to  encourage  and  assist 
housing  research  and  development  which  will  reduce  housing  costs, 
improve  the  quality  and  performance  of  dwelling  units  and  subdivisions, 
or  increase  the  long  term  viability  and  competitiveness  of  Alberta's 
housing  industry. 

The  Program  offers  assistance  to  builders,  developers,  consulting  firms, 
professionals,  industry  groups,  building  products  manufacturers, 
municipal  governments,  educational  institutions,  non-profit  groups  and 
individuals.  At  this  time,  priority  areas  for  investigation  include 
building  design,  construction  technology,  energy  conservation,  site  and 
subdivision  design,  site  servicing  technology,  residential  building 
product  development  or  improvement  and  information  technology. 

As  the  type  of  project  and  level  of  resources  vary  from  applicant  to 
applicant,  the  resulting  documents  are  also  varied.  Comments  and 
suggestions  on  this  report  are  welcome.  Please  send  comments  or 
requests  for  further  information  to: 

Innovative  Housing  Grants  Program 
Alberta  Municipal  Affairs 
9925  -  107th  Street 
Edmonton,  Alberta 
T5K  2H9 


Telephone:     (M03)  427-8150 
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EXECUTIVE  SUMMARY 


Introduction 

Cano  Structures  Inc.  has  been  successfully  producing  the 
NASCOR  II  R20  wall  system  in  Canada  for  four  years  and,  to 
date,  about  6000  units  have  been  constructed.  Over  the  past 
two  years  Cano  Structures  Inc.  has  received  numerous 
invitations  to  quote  on  projects  in  the  U.S.A.  as  well  as 
many  opportunities  to  sell  manufacturing  licenses  to 
American  -  based  operations. 

In  order  to  enter  the  U.S.A.  market,  however,  the  NASCOR  II 
R20  wall  system  had  to  be  evaluated  by  U.S.  building  code 
authorities  to  determine  its  compliance  with  their  building 
code.  The  International  Conference  of  Building  Officials 
(ICBO)  was  the  authority  chosen  to  conduct  the  evaluation. 
A  major  requirement  of  their  evaluation  process  was  to  have 
the  wall  system  structurally  tested  by  a  testing  agency 
recognized  by  the  ICBO.  Cano  Structures  Inc.  therefore 
sought  assistance  under  the  Innovative  Housing  Grants 
Program  to  conduct  structural  testing  in  accordance  with 
ICBO  criteria  and  to  have  ICBO  perform  an  evaluation  which 
results  in  a  formal  acceptance  of  the  wall  system. 

Testing  Program 

Warnock  Hersey  Professional  Services  Ltd.  were  engaged  to 
conduct  the  structural  testing  and  to  aid  in  the 
application/evaluation  process  by  ICBO.  The  testing  program 
consisted  of  subjecting  wall  panels  to  the  following: 

(i)     Axial   load  test   ~  three  wall  panels  measuring 

1220  mm  x  2440  mm   ( 4 ' x8 ' ^   by  140  mm   (5   l/2'M  thick 
and  four  wall  panels  measuring  1220  mm  x  304R  mm 
(4'xlO')   were  tested.     NASCOR  II  R20  columns  were 
spaced  at   610  mm  (24")   on  center. 
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(ii)     Tranverse  load  test   -  three  wall  panels  measuring 
1220  mm  x  2440  mm   (4'x8*)   by  140  mm   (5   1/2")  thick 
and  two  wall   panels  measuring  1220  mm  x  365B  mm 
(4'xl2')  by  140   (5  l/2'M   thick  were  tested. 
NASCOR  II  R20  columns  were  spaced  at   610  mjn   (24")  on 
cent  er . 

(iii)     Racking  load  test   -  three  wall  panels  measuring 
2440  mm  x  2440  mm  (8'x8')   v/ere  tested  v/ith 
NASCOR  II   R20  columns   spaced  at   600  mm   (24""^  on 
center. 

(iv)     Fastener  test  -  the  76  mm  (3")  wood  screv/s  used  in 
the  NASCOR  wall   system  were  tested  for  shear  and 
pull-out  values. 

(v)     Adhesive  test  -  the  PVA  adhesive  used  by  Cano 

Structures  Inc.   in  Canada  was  compared  in  shear 
tests  to  the  urethane  adhesive  proposed  for  use  in 
the  U.S.A. 

Test  Results 

Test  results  were  used  to  develop  empirical  formulae  and 
allowable  load  tables  (axial  and  transverse).  The  test 
results  also  allowed  ICBO  a  basis  of  comparison  to  determine 
whether  the  NASCOR  II  R20  wall  system  conformed  to  the 
ICBO's  Uniform  Building  Code. 

Test  results  and  ICBO  evaluation  showed  that  the  NASCOR  II 
R20  wall  system  complies  with  the  Uniform  Building  Code. 
ICBO  therefore  formally  accepted  the  wall  system  by  issuing 
ICBO  Evaluation  Service  Inc.,  Evaluation  Report  4491. 
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1.0  INTRODUCTION 

The  NASCOR  II  R20  system,  manufactured  by  Cano  Structures 
Inc.,  has  met  with  enthusiastic  market  response  in  Canada  as 
a  highly  energy  efficient  wall  system  for  residential 
housing,  including  low-rise  multi-family  housing.  During 
the  last  two  years  many  opportunities  have  arisen  for  Cano 
Structures  Inc.  to  pursue  international  markets.  Having 
received  numerous  invitations  to  quote  on  projects  in 
Hawaii,  California,  and  Arizona  as  well  as  Grenada  and  St. 
Lucia,  Cano  Structures  Inc.  resolved  to  actively  seek  entry 
to  the  large  U.S.  and  U.S.  controlled  market. 

In  order  to  sell  within  the  American  market,  it  is  necessary 
to  secure  product  acceptance  from  one  of  the  three  national 
building  code  regulatory  agencies.  Of  these,  the 
International  Conference  of  Building  Officials  (ICBO)  is  the 
most  widely  recognized  and  is  the  publisher  of  the  Uniform 
Building  Code.  Consequently,  it  was  decided  to  pursue  ICBO 
product  evaluation  and  acceptance  for  the  NASCOR  II  R20 
system. 

In  addition  to  its  structural  certification,  Cano  sought  to 
secure  a  one-hour  fire  resistance  rating  for  its  system. 
This  rating  would  enable  the  use  of  the  NASCOR  II  R20  system 
in  some  multi-family  construction.  The  system  currently 
holds  a  recognized  one-hour  fire  rating;  however,  the 
necessary  construction  details  were  considered  to  be  too 
expensive  and  limited  the  product's  competitiveness. 
Consequently,  Cano  Structures  developed  more  cost  effective 
details  and  subjected  the  revised  system  to  certification 
testing.     The  NASCOR  II  R20  system  was  tested  according  to 
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ASTM  standard  E72-80,  "Standard  Methods  of  Conducting 
Strength  Tests  of  Panels  for  Building  Construction"  and  CAN 
4-5101  "Standard  for  Fire  Endurance  Testing  of  Building 
Components".  This  latter  test  is  essentially  identical  to 
its  American  counterpart,  ASTM  E119-83,  and  is  acceptable  to 
ICBO. 

Cano  Structures  engaged  the  services  of  Warnock  Hersey 
Professional  Services  Ltd.  of  Coquitlam,  B.C..  Warnock 
Hersey  is  a  testing  and  evaluation  service  which  is 
recognized  by  U.S.  authorities.  They  determined  which 
building  code  authority  to  apply  to,  and  what  testing 
requirements  needed  to  be  met  to  acquire  product  acceptance 
of  the  NASCOR  II  R20  system. 

This  report  describes  the  results  of  the  work  and  provides 
related  background  information.  The  material  has  been 
organized  as  follows:  Section  2  describes  the  components  of 
the  NASCOR  II  R20  system;  Section  3  identifies  building 
code  requirements  and  test  objectives;  Section  4  outlines 
test  procedures;  Sections  5  and  6  discuss  test  results  and 
product  acceptance. 


2.0     NASCOR  II  R2  0  WALL  SYSTEM  DESCRIPTION 


2.1     General  Description 

The  NASCOR  II  R20  wall  system  is  designed  to  be  used  as  an 
exterior  loadbearing  wall  where  its  quality  of  manufacture 
and  its  energy  efficiency  provide  the  most  benefit  for 
residential  and  light  commercial  applications.  The  wall 
system  is  composed  of  thermally  efficient  NASCOR  II  R20 
columns  (columns  are  composed  of  a  polystyrene  core 
sandwiched  between  two  wood  members)  interlocked  with  NASCOR 
Type  1  expanded  polystyrene  insulation  panels,  polystyrene 
splines,  a  38  x  140  (2x6)  bottom  plate,  and  a  38  x  140  (2x6) 
top  plate.  Where  required,  rough  openings  are  framed  in  by 
NASCOR  II  R20  end  posts,  38  x  140  (  2x6  )  cripple  studs, 
NASCOR  lintels,  and  a  38  x  140   (2x6)  window  sill  plate. 

The  NASCOR  II  R20  wall  system  is  a  factory-fabricated  wall 
system.  Basically,  the  NASCOR  II  R20  columns,  insulation 
panels,  splines,  top  and  bottom  plates,  etc.  are  combined  in 
the  factory  to  form  wall  panels  of  lengths  (which  are  based 
on  a  customers  blueprints)  that  can  be  easily  handled  by  two 
men . 

The  wall  panels  are  then  trucked  to  the  jobsite  where  the 
conventional  framers  tilt  them  up  into  place  in  sequential 
order  and  join  them  by  a  cap  plate.  See  Figure  2.1  for  a 
typical  corner  detail  where  two  wall  panels  join. 
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2.2     NASCOR  II   R20  Standard  Column 

The  NASCCP  II  R20  column  consists  of  a  polystyrene  core 
sandwiched  between  two  38x89mm  (2x4)  wood  studs  (Figure 
2.2).  The  polystyrene  core  is  attached  to  both  studs  with 
an  adhesive  and  the  section  is  nailed  together  450  (18")  on 
center  with  127mm  (5")  resin-coated  nails.  The  columns  can 
be  up  to  3048mm  (10  feet)  in  height.  The  polystyrene  core 
is  profiled  on  both  sides  to  facilitate  air  tight 
connections  of  colum.ns  and  polystyrene  infill  panels  by  use 
of  splines.  Depending  on  load  conditions  and  wall  height, 
the  colum.ns  are  spaced  at  300,  400  or  600m.m  (12",  16"  or 
24")   o/c.     The  most   comm.on  spacing  is  600mm  (24")  o/c. 


Imperial  Dimensions  Metric  Dimensions 


FIGURE  2.2  -  NASCOR  II     R2Q  COLUMN 
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2.3     NASCOR  II  R20  End  Post 

The  NASCOR  II  R20  end  post  is  essentially  the  same  as  a 
column  cripple,  except  the  notch  is  not  removed  during 
assembly.  The  polystyrene  core  of  an  end  post  is  profiled 
on  one  side  only.  End  posts  are  used  at  all  corners  and 
rough  openings.  The  flat  face  is  placed  to  the  exterior  of 
the  corner  or  opening  so  that  a  smooth  surface  is  created 
and  the  greatest  thickness  of  insulation  is  achieved. 
Placement  of  the  end  posts,  as  shown  in  Figure  2.3,  also 
permits  a  nailing  point  for  exterior  and  interior  cladding. 


FIGURE   2.3—  NACSOR  II   R20  END  POST 
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2.4     NASCOR  II  R20  Infill  Panel 

The  NASCOR  II  R20  infill  panel  is  a  140mm  (5  1/2")  thick 
panel  of  NASCOR  Type  I,  expanded  polystyrene  insulation  with 
each  end  of  the  panel  having  a  38mm  (1  1/2")  wide  by  19mm 
(3/4")  deep  keyway  cut  out.  The  keyways  of  the  infill 
panels  are  intended  to  interlock  with  the  keyways  of 
columns,  end  posts,  or  cripples  by  use  of  splines  (see 
Section  2.7  for  spline  description).  Figure  2.4  below  shows 
a  plan  view  of  a  typical  infill  panel. 


*    Width  of  panels  vary  with  stud  spacing: 

Studs  at  305   (12")  o/c :     panel  width  is  216   (8  1/2") 
Studs  at  406   (16")   o/c:     panel  width  is  317   (12  1/2") 
Studs  at  610   (24")  o/c:     panel  width  is  521   (20  1/2") 

The  above  widths  are  standard  manufactured  widths.  To 
accommodate  narrower  infill  panels,  the  appropriate  standard 
panel  is  simply  cut  to  the  required  width  and  the  keyway 
recut. 

FIGURE  2.4  -  NASCOR  II  R20  INFILL  PANEL 
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2,5  Lintel 

The  standard  NASCOR  II  R20  lintel  consists  of  a  64min  (2 
1/2")  polystyrene  spacer  section  sandwiched  between  two  rows 
of  38  (1  1/2")  thick  wood  members.  The  depth  of  the  wood 
members  is  dependant  on  load  conditions  and  may  be  obtained 
from  tables  in  the  appropriate  building  code.  The 
polystyrene  is  adhered  to  both  wood  members  and  the  entire 
section  is  nailed  together  with  two  rows  of  125  (5")  ardox 
spiral  nails,  spaced  at  406  (16")  o/c.  The  length  of  the 
lintel  is,  of  course,  dependent  upon  the  width  of  the 
opening.  The  lintel  is  attached  to  the  end  post  at  each  end 
with  four  125  (5")  screws  (Figure  2.5).  An  ethafoam  backer 
rod  is  installed  at  the  connection  of  the  lintel  and  column 
cripples  to  ensure  a  good  air  seal. 


POLYSTYRENE  ■  64  mm 
(2V7") 

PLAN 


TOP  PLATE 


CRIPPLE 


SECTION 


FIGURE  2.5   LINTEL  DETAILS 
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2.6  Spline 

The  spline  is  a  solid  section  of  expanded  polystyrene 
insulation  measuring  38  x  38  (1  1/2"  x  1  1/2")  whose  purpose 
is  to  act  as  an  airlock  and  connecting  mechanism  between  the 
various  components  of  the  NASCOR  II  R20  wall.  It  is  a 
friction-fit  installation  which  interlocks  the  keyways  of 
the  infill  panels  to  the  keyway  of  the  columns,  and  end 
posts  (See  figure  2.1). 

2.7  Top  and  Bottom  Wall  Plates 

Each  factory-assembled  wall  panel  is  joined  together  by  the 
top  and  bottom  plates.  The  plates  consist  of  38  x  140mm 
(2x6)  wood  members  and  are  mechanically  fastened  to  each 
column  and  post  which  form  the  wall  panel  with  four  76mm 
(3")  wood  screws  per  column.  To  ensure  a  good  air  lock,  a 
continuous  ethafoam  backer  rod  is  placed  under  the  plates 
before  they  are  attached  to  the  wall  components.  When  the 
wall  panels  are  erected  at  the  building  site,  a  cap  plate  is 
installed  over  the  top  plate.  The  cap  plate  (usually 
supplied  by  the  builder)  ties  the  wall  panels  together. 
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3.0  BUILDING  CODE  REQUIREMENTS  AND  TESTING  OBJECTIVES 

In  order  to  sell  the  NASCOR  II  R20  wall  system  within  the 
American  market  or  an  American-controlled  market,  it  is 
necessary  to  secure  product  acceptance  from  one  of  the  three 
national  building  code  regulatory  agencies.  Of  these,  the 
International  Conference  of  Building  Officials  (ICBO)  is  the 
most  widely  recognized  in  the  U.S.  and  is  the  publisher  of 
the  Uniform  Building  Code.  Consequently,  it  was  decided  to 
pursue  ICBO  product  evaluation  and  formal  acceptance  of  the 
NASCOR  II  R20  wall  system  in  conformance  with  the  Uniform 
Building  Code. 

3.1  Uniform  Building  Code  Requirements 

The  following  items  are  an  outline  of  the  critical  portions 
of  the  Uniform  Building  Code  with  which  the  NASCOR  II  R20 
wall  system  must  comply  in  order  to  obtain  an  ICBO 
Evaluation  Report: 

( i )     Chapter  12  -  Requirements  for  Group  R  Occupancies 
This  chapter  outlines  where  fire-resistive 
construction  is  necessary. 
( ii )     Chapter  17  -  Requirements  Based  on  Types  of 
Construction 

Section  1712  requires  specific  flame  spread  rating 
of  not  more  than  75  and  smoke-developed  rating  of 
not  more  than  450  for  foam  plastic  insulation. 
This  applies  to  the  NASCOR  polystyrene  insulation. 
This  section  also  requires  the  interior  face  of 
the  foam  plastic  to  be  covered  by  a  thermal 
barrier  (such  as  gypsum  board), 
(iii)     Chapter  22  -  Type  V  Buildings 

The  NASCOR  II  R20  wall  system  will  fall  under  the 
classification  of  Type  V  buildings. 
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( iv)     Chapter  23  -  General  Design  Requirements 

The  NASCOR  II  R20  wall  system  must  be  structurally 
analyzed  and  designed  for  the  specific  loads  and 
load  combinations  described  in  this  chapter, 
(v)     Chapter  25  -  Wood 

This  chapter  outlines  allowable  stresses  for 
lumber  and  relates  them  to  allowable  design  loads 
on  building  components.     Specific  building 
construction  methods  are  also  described  for 
conventional  construction  including 
requirements  for  exterior  wall  construction.  For 
example,  listed  below  are  some  of  the  applicable 
code  requirements  for  conventional  construction 
practices : 

(a)  Loadbearing  walls  shall  not  support  more  than 
two  floors  and  a  roof 

(b)  Exterior  walls  shall  be  constructed  with  the 
size  of  fasteners  and  spacings  in  section 
2516( j) 

(c)  Framing  around  rough  openings  shall  be 
constructed  in  accordance  with  section 
2517(g)4 

(d)  According  to  section  2517(g)3,  12.9mm  (1/2") 
gypsum  board  on  the  interior  face  of  an 
exterior  wall  provides  suitable  bracing  for 
wind  forces. 

(e)  Table  25-A-l  provides  allowable  stresses  for 
various  species  of  lumber 

(f)  All  fastening  for  exterior  walls  must  be  done 
in  accordance  with  Table  25-Q 

(g)  The  allowable  size,  height,  and  spacing  of 
wood  studs  for  various  load  conditions  in 
conventional  construction  are  provided  in 
Table  25-R-3 
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3.2  ICBO  Evaluation  Service  Inc.  Requirements 

In  order  to  receive  an  Evaluation  Report  for  the  NASCOR  II 
R20  wall  system,  the  ICBO  Evaluation  Service  Inc.  required 
that  Cano  Structures  Inc.  prove  that  the  wall  system 
complies  with  all  applicable  portions  of  the  Uniform 
Building  Code.  More  specifically,  the  ICBO  Evaluation 
Service  Inc.  stipulated  that  the  NASCOR  II  R20  wall  system 
be  evaluated  in  accordance  with  the  "ICBO  Acceptance 
Criteria  for  Sandwich  Panels"  (see  Appendix  A).  This 
criteria  outlines  the  test  methods  to  be  used,  some 
structural  design  limits  (such  as  safety  factor  of  3  and 
deflection  limit  of  L/180),  requirements  for  providing 
fastener  details  and/or  tests,  requirements  for  details 
and/or  tests  on  the  design  of  framing  around  rough  openings, 
and  requirements  for  adhesive  (in  this  case  the  adhesive  was 
to  conform  to  "ICBO  Acceptance  Criteria  for  Sandwich  Panel 
Adhesives"  -  see  Appendix  B) . 

3.3  Applicability  of  the  NASCOR  II  R20  Wall  System  to 
Conventional  Construction 

Once  evaluated  and  accepted  as  an  alternative  exterior  wall 
construction  by  ICBO,  the  NASCOR  II  R20  wall  system  could  be 
used  and  limited  as  follows: 

(i)     in  Type  V  -  N  buildings   (buildings  allowed  to  be 
of  combustible  construction  and  requiring  no  fire 
resistance  ratings) 
(ii)     for  exterior  wall  heights  up  to  3048min  (10ft) 
(iii)     with  column  spacing  up  to  610mm  (24")  o/c 
(iv)     for  axial  and  transverse  loads  as  determined  by 
structural  testing  and  analysis  of  results 
(v)     with  an  approved  thermal  barrier  on  the  interior 
face  such  as  12.9mm  (1.2")  gypsum  board 
(vi)     for  buildings  with  exterior  walls  supporting  a 
maximum  of  two  floors  and  a  roof 
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3.4  Fire  Endurance  Requirements 

In  order  to  qualify  for  specific  fire-resistance  ratings  the 
NASCOR  II  R20  wall  system,  because  of  its  unconventional 
manner  of  construction,  must  be  tested  for  whatever  rating 
is  required  with  specific  sheathing  materials  in  place  (ie- 
clad  with  15.9mm  Type  X  gypsum  board).  The  following 
sections  of  the  Uniform  Building  Code  make  some  specific 
requirements: 

(i)     the  foam  plastic  insulation  (such  as  expanded 

polystyrene)  must  have  a  flame-spread  rating  of 
not  more  than  75  and  a  smoke-developed  rating  of 
not  more  than  450  when  tested  in  accordance  with 
UBC  Standard  No.  42-1. 
(ii)     The  fire-resistance  rating  of  an  assembly  must  be 
tested  in  accordance  with  UBC  Standard  No.  43-1 
(as  per  section  4302). 

3.5  Test  Objectives 

The  NASCOR  II  R20  wall  system  is  unconventional  in  many 
ways,  especially  the  structural  loadbearing  components.  It 
would  be  very  difficult  to  predict  the  behaviour  of  this 
system  by  conventional  engineering  analysis.  Therefore  the 
ICBO  Evaluation  Service  Inc.  requires  such  systems  to 
undergo  structural  testing.  Through  analysis  of  structural 
test  data,  load  tables  can  be  produced.  Also,  all 
components  of  the  wall  system  such  as  fasteners,  adhesive, 
lumber,  etc.  must  be  tested  and  compared  to  conventional 
practices.  As  a  result  of  all  the  above  testing  and 
analysis,  ICBO  can  conduct  an  evaluation  to  see  that  the 
wall  system  meets  the  applicable  requirements  of  the  Uniform 
Building  Code  and  can  produce  an  Evaluation  Report  which  can 
accurately  and  safely  predict  the  performance  of  the  NASCOR 
II  R20  wall  system. 
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The  objective  of  conducting  a  fire  resistance  test  on  the 
NASCOR  II  R20  wall  system  is  to  enable  Cano  Structures  to 
expand  the  market  for  the  wall  system  into  commercial  and 
multi-family  residential  projects  where  a  fire  resistance 
rating  may  be  required  for  the  exterior  walls. 


4.0     TESTING  PROCEDURE 

To  achieve  the  test  objectives  stated  in  the  previous 
section,  structural  testing  procedures  as  outlined  in  the 
"ICBO  Acceptance  Criteria  for  Sandwich  Panels"  were 
followed.  The  ICBO  requires  that  building  components  and 
assemblies  which  are  being  submitted  for  its  evaluation  be 
tested   by  an   "approved"    testing   laboratory.  One  such 

laboratory  is  Warnock  Hersey  Professional  Services  Ltd.  of 
Coquitlam,  B.C.  which  was  engaged  to  undertake  all  of  the 
required  work. 

The  NASCOR  II  R20  v/all  system  was  subjected  to  structural 
and  material  testing  to  provide  data  for  use  by  the  ICBO 
Evaluation  Service  Inc.  in  its  product  evaluation  process. 
A  derivation  of  the  wall  panel  system  was  further  tested  to 
determine  its  fire  resistance.  This  was  done  in  pursuit  of 
additional  ICBO  certification  for  an  expanded  market.  The 
test  procedures  are  described  below  and  the  test  results  are 
discussed  in  Section  5.0.  Appendices  C  through  E  contain 
the  Warnock  Hersey  laboratory  test  reports. 

The  ICBO  Acceptance  Criteria  for  Sandwich  Panels  requires 
three  separate  test  procedures  to  be  performed  on  wall 
panels  -  an  axial  load  test,  a  transverse  load  test,  and  a 
racking  load  test.  Each  individual  test  involved  three  wall 
panels  so  a  total  of  nine  NASCOR  II  R20  wall  panels  were 
tested.  Two  additional  wall  panels  were  also  tested  at  a 
greater  height  in  the  transverse  load  test  program.  Six  of 
the  test  panels  measured  1220  x  2440mm  (4'x8'),  three 
measured  2440  x  2440mm  (8^x8'),  and  the  two  additional 
panels  tested  in  the  transverse  load  test  measured  1220  x 
3660mm  (4'xl2').  Later  on  in  the  ICBO  evaluation  process, 
the  ICBO  also  required  that  four  additional  panels  be  tested 
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under  axial  load.  These  panels  measured  2440  x  3048inm 
(4'xlO').  All  wall  panels  were  140mm  (5  1/2")  thick  and 
were  constructed  with  columns  spaced  at  600mm  (24")  on 
center. 

The  NASCOR  II  R20  exterior  wall  system  differs  from 
conventional  exterior  wall  systems  due  to  its  use  of  wood 
screws  rather  than  nails  and  the  use  of  a  PVA  adhesive 
instead  of  a  Type  2  Class  2  adhesive  generally  specified  by 
the  Uniform  Building  Code.  Consequently  ICBO  requested 
comparative  testing  of  the  screws  and  the  adhesive.  This  is 
described  below. 

4.1     Transverse  Load  Test 

Three  1220  x  2440mm  (4'x8M  NASCOR  II  R20  wall  panels  were 
initially  tested.  Each  panel  was  placed  horizontally  in  the 
testing  apparatus  shown  in  Appendix  C.  The  resultant  span 
was  2286mm  (7'-6")  when  mounted.  The  transverse  loading  was 
applied  vertically  to  the  quarter  points  of  each 
horizontally  positioned  wall  panel  by  two  hydraulically 
controlled  steel  plates.  At  each  increment  of  load,  the 
mid-span  deflection  was  measured  using  dial  indicators  on 
the  top  and  bottom  of  the  wall  panel. 

Additional  transverse  load  tests  were  conducted  on  two  1220 
X  3658mm  (4'xl2')  NASCOR  II  R20  wall  panels  in  exactly  the 
same  manner  as  described  above. 
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4«2     Axial   Load  Test 

Initially,  three  1220  x  2440  mm  ( 4 ' x8 ' )  NASCOR  II  P20  wall 
panels  were  tested  in  a  standard  test  frame  as  shown  in 
Appendix  C.  The  test  panels  were  mounted  vertically  in  the 
testing  apparatus  and  a  load  was  applied  to  the  top  of  the 
panel  by  meams  of  a  hydraul i cal  1  y  controlled  steel  I-beam. 
As  per  ASTM  E72-80  requirements,  the  centroid  of  the 
vertical  load  was  applied  at  an  eccentricity  of  one  third 
the  wall  panel  thickness,  47  mm  (1  13/16"),  from  the 
interior  face  of  the  wall  panel.  At  each  load  increment, 
the  deflection  at  the  center  of  the  test  panel  was  measured 
and  recorded  with  the  correspondi nq  lead.  Other  deflections 
measured  were  the  shortening  of  the  panel  under  load  and  the 
expansion  of  the  test  panel   at  each  vertical  edge. 

Four  additional  axial  load  tests  were  performed  on  NASCOR  II 
R20  wall  panels  measuring  1220  x  3048mm  (4'xlO')  to 
establish  the  structural  capacity  of  walls  over  2440mm  (8') 
high. 

4.3     Racking  Load  Test 

Three  2440x  2440mm  (8'x8')  NASCOR  II  R20  wall  panels  were 
tested  in  the  framework  as  shown  in  Appendix  C.  All  panels 
were  clad  with  12.9mm  (1/2")  gypsum  board  sheathing  on  the 
interior  side  and  were  mounted  vertically  in  the  test 
apparatus.  The  bottom  of  the  wall  panel  was  anchored  to  the 
test  frame  and  a  load  was  applied  to  the  top  corner  of  the 
wall  panel  by  a  hydraulic  ram.  The  load  was  applied  in 
increments  and  the  corresponding  deflection  measured  at  the 
opposite  end  of  the  test  panel. 
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4.4  Screw  Connector  Test 

Most  wall  panel  systems  are  constructed  using  nail  connectors,  and  it 
was  therefore  necessary  to  demonstrate  that  the  "Lo-Root"  76mm  (3")  and 
125nm  (5")  #10  screws  used  by  Cano  in  its  factory  assembly  of  individual 
coTponents  into  wall  units  met  or  exceeded  the  shear  and  holding 
properties  of  the  more  widely  used  89mm  (3  1/2")  16d  nail.  To  this 
end,  shear  and  pull-out  tests  of  the  two  screws  were  conducted  according 
to  ASTM  Standard  D1761. 

4.5  Adhesive  Test 

The  wall  panels  were  constructed  with  a  PVA  glue  and  tested  as  such. 
However,  the  ICBO  would  only  accept  a  Type  2  Class  2  adhesive  (a 
category  selected  from  their  Acceptance  Criteria  for  Sandwich  Panel 
Adhesives)  the  requirements  of  which  the  PVA  does  not  meet.  Therefore 
another  adhesive  was  selected  for  use  in  the  U.S.A.  which  meets  their 
criteria  (MorAd  336  by  Morton  Thiokol).  Since  all  testing  was  done  on 
wall  panels  constructed  with  PVA  glue,  Cano  had  to  prove  that  the  MorAd 
336  was  as  good  or  better  than  PVA  glue  used  in  the  test  panels. 

4.6  One  Hour  Fire -Resistance  Test 

A  NASCOR  II  R20  wall  panel  with  modified  R20  Dowelled  Columns  at  610mm 
(24"o.c.  )  and  measuring  2743mm  (9')  high  by  4267mm  (14')  long  was 
submitted  for  a  fire  endurance  test  to  determine  whether  it  would 
achieve  a  one  hour  fire-resistance  rating.  Testing  was  done  in 
accordance  with  CSA  Standard  CAN4-S101,  "Standard  for  Fire  Endurance 
Testing  of  Building  Components".  The  ICBO  approved  procedure,  ASTM 
E119-83,  is  essentially  the  same  so  the  results  would  be  entirely 
acceptable  to  the  ICBO.  The  wall  panel  was  clad  with  one  layer  of 
15.9mm  (5/8")  Type  X  gypsum  board  on  each  face. 
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The  NASCOR  II  R2  0  wall  panel  was  mounted  in  a  test  frame  and 
subjected  to  flame  on  one  side  originating  from  a  furnace 
with  nozzles  at  150mm  (6")  on  center.  The  wall  panel  was 
also  loaded  with  a  vertical  load  of  29  kN/m  (  2000  plf). 
Temperature  gain  and  wall  deflection  were  measured 
throughout  the  test  period.  The  test  lasts  as  long  as  the 
wall  panel  maintains  the  load  or  for  one  hour,  whichever 
comes  first. 
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5.0    DISCUSSION  OF  TEST  RESULTS 


5. 1  Transverse  Load  Test 

The  transverse  load  test  results  were  plotted  on  a  graph  of  load  versus 
deflection.  The  stiffness  of  the  panels  (the  EI  values)  were  determined 
using  the  lower,  stiffer  portion  of  the  curves  up  to  a  deflection  limit 
of  L/180  and  L/240.  The  upper  portions  of  the  curves  were  not  used  in 
the  stiffness  calculations  because  the  wall  system  would  never  be 
designed  to  go  beyond  the  deflection  limit  of  L/240.  The  average 
stiffness  value  (EI  value)  of  the  individual  test  panel  columns  was 
calculated  to  be  7.58  x  10^  Ibs-in^*  A  conventional  38  x  89mm 
(2x4)  wood  stud  has  an  EI  value  of  6.53  x  10^  Ibs-in^*  Both  EI 
values  are  based  on  S-P-F  #2  grade  lumber.  It  can  therefore  be  safely 
concluded  that  the  NASCOR  II  R20  column  is  equivalent  to  or  stiffer  in 
bending    than  a  conventional  38  x  89mm  (2x4)  wood  stud. 

5.2  Axial  Load  Test 

The  axial  load  test  results  showed  the  axial  load  capacity  of  the 
individual  columns  of  the  NASCOR  II  R20  wall  panels  have  more  than  twice 
the  capacity  of  a  single  conventional  38  x  89mm  (2x4)  wood  stud.  This 
is  to  be  expected  since  a  t^COR  II  R20  column  is  composed  of  two  38  x 
89mm  (2x4)  wood  members.  The  tests  showed  that  with  a  safety  factor  of 
3,  the  columns  would  support  an  axial  load  of  2730  lbs.  The  actual 
maximum  allowable  load  is  only  2570  lbs.  as  that  represents  the  maxi- 
mum allowable  compression  load  permitted  perpendicular  to  the  grain  in 
the  S-P-F  top  and  botton  plates. 


5.3  Racking  Load  Test 

The  racking  load  test  was  conducted  on  NASCOR  II  R20  wall 
panels  clad  with  one  layer  of  12.9mm  (1/2")  gypsum  board 
sheathing  on  the  interior  side.  The  wall  panels  were  tested 
with  an  interior  sheathing  because  the  interiors  of  most 
homes  are  finished  with  12.9mm  (1/2")  gypsum  board  and 
12.9mm  (1/2")  gypsum  board  is  an  approved  thermal  barrier 
(which  is  required  over  polystyrene  insulation  as  per  the 
Uniform  Building  Code).  The  results  obtained  from  a  wall 
panel  tested  with  gypsum  board  sheathing  would  reflect  very 
realistic  and  usable  results.  The  test  results  indicated 
that  the  maximum  allowable  racking  load  for  a  NASCOR  II  R20 
wall  clad  on  the  interior  face  with  12.9mm  (1/2")  gypsum 
board  is  905  N/m  (621bs/ft)  with  a  safety  factor  of  three. 

5.4  Screw  Connector  Test 

The  test  results,   as  reported   in  Appendix  E,   indicate  that 

the    "Lo-Root"    76mm    (3")    and    125mm    (5")  screws  perform 

comparably    to    the    89mm    (3    1/2")    16d  nail    they  were 

replacing;  consequently,  the  use  of  screws  in  the  NASCOR  II 
R20  assembly  was  considered  acceptable. 

5.5  Adhesive  Test 

Comparative  shear  tests  were  carried  out  on  102mm  (4")  long 
specimens  of  the  NASCOR  II  R20  columns  assembled  with  the 
PVA  adhesive  and  the  urethane  adhesive  (MorAd  336).  Testing 
indicated  that  the  MorAd  336  required  approximately  12% 
higher  loads  to  achieve  failure  as  compared  to  the  PVA 
adhesive;  consequently,  the  proposed  assembly  to  be  used  in 
the  U.S.  would  exceed  the  structural  integrity  of  the 
Canadian  panels  vzhich  were  tested  and  found  acceptable  (see 
Appendix  E)  . 
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5,6     Fire  Endurance  Test 

Previous  fire  endurance  tests  on  the  NASCOR  II  R20  wall 
system  established  a  two  hour  and  a  one  hour  non-loadbearing 
fire  resistance  rating. 

In  fire  situations  the  polystyrene  core  of  the  columns 
breaks  down  and  slowly  melts  away.  When  this  happens  the 
structural  integrity  of  the  column  is  lost  since  the  38x89mm 
(2x4)  wood  members  then  act  independently  of  each  other.  It 
was  suggested  that  the  two  38x89mm  (2x4)  wood  member 
components  of  the  NASCOR  II  R20  column  be  linked  together  by 
something  such  as  hardwood  dowels. 

As  shown  in  the  results  of  Warnock  Hersey's  fire  test 
(Appendix  D),  the  dowels  in  the  modified  NASCOR  II  R20 
columns  failed  to  contribute  to  the  ability  of  the  columns 
to  support  a  vertical  load  under  fire  conditions.  Charring 
at  the  dowel  -  wood  member  interface  resulted  in  the  free 
and  independent  movement  of  the  column's  two  wood  members 
and  this  led  to  eventual  failure  of  the  wall  test  panel 
before  the  one  hour  time  requirement  was  achieved. 
Additional  testing  is  planned  in  the  future  to  attempt  to 
achieve  the  one  hour  loadbearing  fire  resistance  rating. 


6.0     PRODUCT  ACCEPTANCE  BY  ICBO 

ICBO  product  acceptance  results  in  the  issuance  of  a 
material  evaluation  report.  Such  a  report  can  be  used  to 
boost  customer  confidence  in  the  product  and  allows  the 
product  to  be  used  in  those  areas  where  construction  is 
regulated  by  the  Uniform  Building  Code. 

After  the  necessary  information  and  test  data  were  submitted 
to  ICBO,  it  issued  "ICBO  Evaluation  Report  No.  4491"  (see 
Appendix  F)  which  covered  the  NASCOR  II  R20  wall  system. 
The  report  describes  the  system,  its  usage  and  limitations. 
It  includes  illustrations  of  the  typical  assemblies, 
confirms  compliance  with  the  1985  Uniform  Building  Code, 
outlines  on-site  installation  procedures,  and  describes  how 
the  system  is  to  be  identified. 
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7.0  CONCLUSION 

A  number  of  tests  were  performed  on  the  NASCOR  II  R20  wall 
system  to  establish  their  performance  under  various  loading 
conditions  and  to  confirm  compliance  with  the  Uniform 
Building  Code  (as  published  by  ICBO) .  Structural  tests  were 
performed  on  a  number  of  NASCOR  II  R20  wall  panels  to 
establish  their  structural  capacity.  Tests  were  also 
conducted  on  the  screw  fasteners  and  adhesives  used  in  the 
wall  system  to  evaluate  their  performance.  Warnock  Hersey 
Professional  Services  Ltd.,  who  performed  all  the  testing, 
concluded  that  the  NASCOR  II  R20  wall  system  is  equivalent 
to  and  slightly  better  than  conventional  38x89mm  (2x4)  wood 
stud  wall  systems  in  structural  capacity.  In  fact,  the 
axial  load  tests  determined  that  a  NASCOR  II  R20  column  has 
more  than  twice  the  allowable  capacity  of  a  single  38x89 
(2x4)  wood  stud. 

The  testing  of  the  NASCOR  II  R20  wall  system  confirmed  all 
of  Cano  Structures'  expectations  regarding  the  structural 
performance  of  the  wall  system  and  resulted  in  ICBO 
acceptance  of  the  product,  as  confirmed  in  ICBO  Evaluation 
Service  Inc.  Evaluation  Report  #  4491.  With  this  product 
acceptance,  Cano  Structures  can  market  the  NASCOR  II  R20 
wall  system  in  the  United  States. 

Efforts  to  achieve  a  new  one  hour  loadbearing  fire 
resistance  rating  for  the  wall  system  utilizing  a  revised 
column  detail  were  not  successful.  Work  is  continuing  to 
develop  a  new  and  more  cost-effective  method,  however,  in 
the  interim,  users  can  employ  the  existing  ratings  for  the 
wall  system. 
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APPENDIX  A 

ICBO  ACCEPTANCE  CRITERIA  FOR 
SANDWICH  PANELS 


International  Conference  of  Building  Officials 
Research  Committee 

PCCEPTIinCE  CRITER!!!  FOR  SSnQUIICH  FPHELS 

(July,  1974) 
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part  of  the  research  report  application.  Fabrication  must  be 
observed  by  a  qualified  representative  of  the  testing  agency. 

1.2.2  Test  reports  must  be  ccMuplete,  including  panel  descrip- 
tion, test  set-ups,  manner  of  testing,  obseivations,  all  test  read- 
ings, etc.  Test  summaries  are  not  acceptable. 

1.3  Factors  of  Safety: 

1.3.1  Factors  of  s;Jety  are  set  forth  in  subsecjuent  sections 
and  are  based  on  the  materials  involved,  test  procedure,  panel 
deformation,  and  variation  of  results. 

1.3.2  .Allowable  values  developed  imder  P;.r.igraph  1.3.1  are 
not  subject  to  increases  due  to  duration  of  1. lading  uuleNs  speci- 
fically allowed.  This  includes  wind  and  seismic  forcrs. 

1.3.3  Where  loading  conditions  result  in  several  n>odes  of 
related  stressing,  the  sum  of  the  ratios. of  actual  loads  over  allow- 
able loads  shall  not  exceed  one.  Wind  on  a  bearing  is  one 
example  of  requiring  this  consideration. 

1.4  Supplementary  inforujation  may  l)e  included  in  the  re- 
search report,  proviiled  it  relates  to  the  Uniform  Building  Code, 
and  is  properly  justified.  This  includes  sound  transmission  insula- 
tion as  specified  in  Chapter  35  of  the  Uniform  Building  Code  .Ap- 
pendix. 

2.  PANEL  DESCRIPTION:  The  panel  description  is  to  include 
the  f<)II()\v'ing  inform.ition; 

2.1  Thickness,  width  and  length  for  each  panel  type. 

2.2  Panel  Facing  Material: 

2.2.1  The  material  u)ust  be  acceptable  under  a  cut  rent  Re- 
search Rec-ommendation,  a  National  Product  St.iiid.ud,  the 
Uniform  Building  C()<le.  or  be  justified  to  the  safisfaciion  of  the 
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2.2.2  I\m<'l  vlsinv  I  l.tsvififd  ns  wc.idu  i -»  \p.. >..•<]  ^urf.K^-s  iiiitlci 
.S«(.()<ni  -1^4  of  f)u'  I'mTKiiii  Biiildini:  OxK-  mnNt  comply  us  a 
u c.ntlKT-rfsistix c  rier. 

2. 2. .3    Pniu'l  vkiiis  vnKjtcf  to  or  ^lic.ir  In.uls  must 

li.iNC  .ipi)n>\ttl  \. lines  for  f.ivtt  ncis  Wlii  u-  \.i)iics  .»i<"  r«C()g- 
iii/c'd  ))>  the  Rt  si-.iu  h  Comniillrc,  f.istt  in  i  tcvts  must  he  ( on- 
(lucfi'd  for  l>ot)i  slu-.tr  .iinl  iiail-ln  .-ul  j)ull-(lirou^h  ;tt  the  juini- 
mum  fdpc*  (list.inics  t  oufrmpl.iled.  .-\llovv;il)]f  x.ilnes  for  f:istin- 
i-rs  ni;i>  c-oiilrol  ;iIIo\\  .iMe  p.utt-l  loads  w  hc  i)  (liey  .irt-  more 
ri  stii:  ti\ (>  th.>n  (Ik-  p.uid  t«  >t  \  .du<■^  .Sp.  i  im<  ns  shall  h*.-  i-oudi- 
tioMcd  and  uhi  rt-  skiuv  .m-  suhjci  l  to  ucltinj:.  ^hall  he  .iddilion- 
all>-  tested  in  that  m.mner.  Seetiopv  A]  ihionch  li~  of  AS  I'M 
D-l()37  serse  as  a  cuide  for  tevt  pnnednies  w  hi<  h  niust  he 
npprowd  prior  to  le<>finc. 

2.2.4  Panel  facings  i.iuvt  ha\e  f].ime-->prea(l  elasvin(  .itions, 
smoke  ilensities  antl  products  of  cDmhusfion  as  specified  in 
Section  4202  (h)  or  Section  52U5  of  the  Code.  When  these 
chnraeteristies  are  afTecte<l  hy  the  c-»)re  m.iti  rial  of  the  panel, 
the  ctmihine<l  section  shall  he  tc-sted  when  deemed  necessary 
h\-  the  Res<arch  Committee. 

2.3  Panel  Cores: 

2. .3.1  Hone>cr>mh  specifications  me  to  iriclude  a  detailed 
•leseription  or  ilhtstr.ilion  uotini;  the  thickness,  cell  ♦•i/e,  kraft 
paper  weight  or  metal  thickness,  <liiection  of  (he  paper  or 
metal  rihhon,  perci  nt  impregnation  of  m.iteri.ds,  etc.  - 

2.3.2  Foamed  pl.tstie  specifications  are  to  include  the  density, 
thickness,  whether  it  is  a  preformed  slah,  frothed  or  expanded, 
foam  manufacturer  and  the  t\pe,  catalog  nuniher.  etc.  The 
position  of  the  panel  durini:  the  frothing  or  pominj»  operation 
is  to  he  speciRed. 

2.3.3  Other  core  m.it<  iials  with  sp<H  ifications  and  descrip- 
tions will  he  considered. 

2.3.4  Any  adhesh  es.used  must  c-ompl\  w  ith  I'  B.C.  Standard 
No.  25-19  or  the  Research  Committee  Standard  for  Sandwich 
Panel  .Adhesi\es.  .Adhesive  specifications  aie  to  include  the  t\ pe, 
class,  thickness  of  .ipplication,  numher  of  c-oats,  assemhly  in- 
structions, etc. 

2.3.5  When  the  core  material  does  not  completeh"  fill  (he 
portion  hefween  panel  faciu'js,  \oids  u)usf  he  det.n'led  or  pro- 
perly descrihed.  X'oids  formed  hy  honeycomh  cells  are  not 
regulated  hy  this  suhsec'tion.  The  method  used  to  maintain 
voids  during  foaniing  or  hooding  must  he  <lescrihed. 

2..3.G  Core  materials  cl.issjficd  as  noncon)hustihle  must  be 
justified  under  Section  415  of  (he  Code  Couihiistihle  core  mate- 
rials, including  plastic,  nmst  ha\e  a  nuiiimmn  Class  III  flame- 
spread  cl.issification  (76-225)  and  smoke  densitA  not  exceeding 
450  when  tested  under  I'.B  C.  Standard  No.  42-1  in  the  thick- 
ness intended  for  use.  Products  of  comhustion  shall  l)e  no  more 
toxic  than  the  horning  of  untreated  wood  n»ider  similar  c^ondi- 
tions. 

2.4  Wood  plates,  splines,  studs,  blocking,  etc.,  are  to  have 
wood  species,  grades,  preserv.itive  treatments  and  maximum  mois- 
ture contenLs  at  time  of  panel  manufacture  sjiecified.  I, umber  must 
be  stress  graded  or  stress  r.ited  ma(erial.  humber  boujled  to  panel 
facings  w  ith  adhcsixes  umst  ha\e  a  moisture-  cont(  iit  not  in  excess 
of  that  rec()n)n>en<led  by  the  adhesive  manufacturer,  between  7 
and  If)  percent,  or  not  t  vcceding  a  difTeri-ncv  of  5  percent  betw<-cn 
the  two  materials  bonded,  whichexer  is  more  restrictive.  Complete 
cvoss-sec  tional  details,  dimensions  .mkI  sec  tional  i^rop<-i1ies  of  the 
membc-rs  are  refjuired. 

^  2.5  Connections  umst  be  detailed  or  ade(ju.itely  described, 
fasteners  mus(  he  j)roperl\'  specified  including  ^i/f,  length  and 
location. 

2.0  fDet.uls  for  door  .nwl  window  openiugs  must  be  pioxided 
to  d.irify  the  m.mner  o(  snppiSrtini:  axi.il.  I  r.msv  ei sc  ;ir)d  ''or  rac  k- 
ing sliear  loads.  This  includes  tlte  metliod  of  t,  sisting  wind  lo.ids 
at  door  ;ni<l  window  jambs. 

3.    MISCKI.I.ANKOrS  PANKL  l.\  I OHMA  I  ION: 

3.1  .No  substitution  ()f  m.iteti.ds  is  .diowed  unless  .ipproved 
by  the  nes.-.,rch  Conuuittee. 

3.2  I- ield  cutting  of  u.dl  oiieniugs  is  rio(  .dlowed  unless  spe- 
cific openings  or  design  p.iraux  ters  .,re  .ippioved  hy  the  Resc.Trch 
Conuuittee. 

3.3  Test  loads  an<l  manner  of  application  on  full  structures 
shall  be  specified  by  the  Res,-.,rch  Cofumltt.  e  when  d(  sign  para- 
meters for  the  full  slrnelure  c.unot  be  r«  :u!ily  <!<  tc  ruuned  b>  ac- 
t  epted  engineering  piiiniples. 


3.4  Wall  panel  f.icings  and  t.ip  facings  of  floor  and  roof  panels 
shall  haxe  sufficient  strength  to  resist  c oneentr.itecl  lo.ids  and  pre- 
vent elamage  to  the  core  material  under  loads  to  wliich  tliey  may 
hr  subjec  ted. 

3.5  Plmnbing  and  xvaste  lines  n)ay  extend  at  right  angles 
through  the  \xall  p.nu'ls  but  are  not  permittc-d  \ertically  xsithin  the 
core.  Lines  sliall  not  interiupt  splines  or  panel  plates  unless  speci- 
fically approved  by  the  Research  Committee. 

3.  G  Flee  t rical  oiitle-t  luixes  and  racvways  may  he  installed  in 
the  panels  during  fabrication  at  prc-determined  locations  only. 
Flec  ti  ical  s>  stems  are  liunted  to  a  single  1-inch  maximum  (out- 
siele  of  diameter)  vertical  raceway  at  a  mininnim  of  4  feet  on 
ce-nter,  which  is  shop  installed  xdth  no  more  than  three  outlet  box 
ope-nings  4  inches  by  4  inches  in  size.  Two  ',^-inch  vertical  race- 
ways may  lie  snbstitvited  for  the  single  1-inch  raceway  provided 
thex  are  maintninc-fl  p.irnllel  and  within  2  inches  of  each  other. 

3.6.1  \'oids  other  than  those  specified  in  Paragraph  .3.6  v^ill 
be  permitted  for  field  or  shop  installation  of  electrical  wiring 
prov  ided  the  voids  were  in  the  panels  testc-d.  See  Paragraph  3.2 
for  field  cot  operu'ngs. 

.3.6.2  Wliere  ele-ctrical  raceways  interrupt  or  reduce  the 
cross  se-ction  of  vvall  pl.iles,  a  method  of  strengthening  the  pl.tte 
at  that  point  for  both  lateral  and  plate  axial  loads  must  be  devel- 
oped, de-tailed  and  siibmitted  for  evahiation. 

.3.7  Flashing  anel  other  xveat he rp roofing  details  are  rerjuired 
for  panel  joints,  xvall  openings,  etc. 

4.  P.ANEL  LOAD  TEST  OPTION: 

4.1  In  lieu  of  determining  struct\iral  and  mech.mical  proper- 
ties of  panel  compe^nents  for  rational  design  purposes,  load  tests 
may  be  conducted  to  eletermine  re-asonable  ultimate  x.dues  to 
vvhich  factors  of  safetv  are  aj"»plied. 

4.2  General: 

4.2.1  The  tests  are  to  be  conehicted  as  set  forth  under  P.ira- 
graph  1.2. 

4.2.2  Except  for  the  impact  test,  three  tests  of  e'ach  (vpe  are 
reejuired  with  none  vaiving  more  than  15  percent  from  (he 
average  of  the  three,  unless  the  lowest  te-st  value  is  used  The 
average  lesult  based  on  a  minimum  of  five  tests  may  be  used 
reg.irdless  of  the  variations.  The  resiilts  of  two  tests  may  be  use^ 
when  the  higher  value  eloes  not  excved  the  lower  value  bv  more 
than  5  percent  and  the  lower  value  is  used  with  the  retjuired 
factors  of  safety. 

4.2.3  Where  tests  are  not  conducted  to  failure,  the  Inchest 
load  achieved  for  e.-^ch  test  will  be  assmned  as  ultimate. 

4.2.4  Factors  of  safetv'  are  dependent  on  the  consistencv  of 
materials,  the  range  of  test  results  and  the  load  eleformafion 
characteristic's  of  the  panel.  Generally,  a  minimum  factor  of. 
s:ifi;^^y^f  three  is  applierl  to  the  ultir^ate  load  based  on  the  aver- 
age of  three  tests.  Lower  factors  of  safetx'  niay  be  assigned  to 
panels  (jr  svstems  c-mploving  steel  or  aluminum  having  c-onsis- 
tent  phx'sical  properties. 

4.2.5  .Allowable  loads  will  be  limited  h.v  established  fastener 
values  or  defl<'ction  limitations  if  lower  than  values  from  panel 
leiadiug  tests. 

4.2.6  Splines  or  sliffeners,  when  utilizeel  along  the  eelges  of 
the  panel  in  tests,  shall  be  only  that  prirfion  of  (he  typical  con- 
strue tion  relative  to  the  panel  being  te-sted  :ind  not  supplemented 
by  aeljacent  panel  spline  areas, 

4.2.7  Load  tests  shall  be  conducted!  with  connection  details 
iute  ndeel  in  field  installations.  The  testing  .igency  is  to  report 
any  v.uiations. 

4.3  Transv  erse  Load  Tests  —  \Vall  Panels: 

4.3.1  With  the  el«-sig!ied  wind  load  imposed,  exterior  wall 
panel  (U-n.-e  tious  shall  not  exee  ed  /,  '  1  Sq  Positive-  .md  negative 
pressme  comlitions  sh.ill  be  einrsidcre-d.  ^'.dl  pane  ls  with  (Uffer- 
ent  facing  m.iterials  on  ojiposite  faee-s  must  be  teste-d  for  loads 
acting  both  inwardlv'  .tnd  oulwardl\  where-  ihe-ie  is  .i  (jue  stion  of 
the  most  critical  direction. 

4.3.2  With  a  5-pound  per  scjii.ire  foot  lioii/outal  lo.iding 
iuipose-d,  interior  wall  panel  de-n<xli')ns  sh.dl  not  >  steed  L,  120 
e)f  the  sp.in  for  fl'.  xihie  skin  m.itenal  such  as  uiet.d.  plv  vvood. 
p.o  iTclcboarel  anel  gx  psum  wallbo.ird.  ,A  de  fleetion  limit. ifion  of 
L  240  of  the  sp.tn  is  reejuired  fe)r  brittle  skin  m.iterials  such  as 
pl.isler. 

4.3.3  All  vvall  n;:ne  ls  shall  be  lo.ided  in  inc  r.  ux  nts  to  f.iilure 
w  ith  el.  flectieuis  l.ik.  n  to  ol.t.iin  di  fl.  etion  .uid  m  I  <.h.u.ie  (e  ristics. 
Whe-re  prelo.ieling  is  applie-d,  (lie  loading.  def]'  C(ion  and  k-cov- 


-A2- 


cry  shall  he  no<ed.  TTie  amount  of  preloading  shaU  rot  exceed 
]0  percent  of  the  final  allowable  load  unless  approved  by  the 
Research  Committee. 

4.3.4  Transverse  load  tc-sts  on  panels  having  window  or  door 
openings  are  reauired  unless  subject  to  rational  analysis.  Load 
application  must  be  done  in  a  manner  that  reflects  field  loading 
conditions. 

4.4  Axial  Ix)ad  Tcsl5  —  Wall  Panels: 

4.4.1  Load-bearing  wall  panels  nuLst  support  an  axial  loading 
applied  wTth  an  ecc-entricit)'  of  onc-sLvfh  the  panel  thickness  to 
the  interior  or  towards  the  weaker  facing  material  of  an  interior 
panel. 

4.4.2  The  test  panels  must  have  wall  sill  and  cap  plate  details 
with  connectioas  matching  the  proposed  field  installation,  .\xial 
loads  must  be  applied  uniformly  or  at  the  anticipated  spacing 
of  the  floor  or  roof  framing. 

4.4.3  The  bottom  edges  of  the  panel  facing  material  shall  be 
held  at  least  ^  inch  alx)ve  the  base  of  the  sill  plate  to  insure 
no  direct  bearing  of  the  fadngs  against  test  equipment  framing. 
Panels  may  be  inverted  during  testing  if  desired  to  meet  the 
above  loading  requirements.  If,  due  to  deflection,  the  ^-inch 

Eanel  base  clearance  is  dissipated,  the  load  at  this  point  shall 
e  specified. 

4.4.4  Lintel  sections  shall  meet  the  deflection  criteria  of 
Table  No.  23-D  of  the  Code. 

4.4.5  All  wall  panels  shall  be  loaded  in  increments  to  failure 
with  deflections  taken  to  obtain  deflection  and  set  characteris- 
tics. Where  preloading  is  applied,  the  loading,  deflection  and 
recovery  shall  be  noted.  The  amount  of  preloading  sKall  not  ex- 
ceed 10  percent  of  the  final  allowable  load  tmless  approved  by 
the  Research  Committee. 

4.5  Racking  Shear  Tests  —  Wall  Panels; 

4.5.1  j^acking  shear  tests  in  accordanc-e  with  ASTM  E-72.  as 
amended  by  this  standard,  are  required  for  shear  walls  which 
resist  wind  and  seismic  forces. 

4.5.2  The  allowable  shear  load  is  determined  from  the  rack- 
ing load  at  which  a  net  honzontal  detiection  of  ^/s  inch  occurs, 
the  ultimate  load  divided  by  a  factor  of  safety  detcnnined  in 
acc-ordance  with  Paragraph  4.2.4,  or  the  allowable  fastener  loads, 
\s-hichever  is  (he  lower.  The  test  panel  must  be  constnicted  and 
installed  as  intended  in  (he  field,  including  connections.  Refer- 
ence is  also  made  to  Paragrnph  4.2.6  of  this  Standard. 

In  reference  to  Paragraph  4.5.7,  hold-down  rods  may  be  used 
provided  allowable  net  horizontal  deflections  are  reduced  to  M 
inch. 

4.5.3  Tlie  "stop"  detailed  in  the  ASTM  E-72  procedure  for 
installation  against  the  toe  of  the  test  panel  should  be  located 
in  such  a  manner  that  reactive  forces  are  imposed  against  the 
end  of  the  siU  plate,  and  clear  of  the  panel  spline  and  fadng 
material. 

4.5.4  TTie  bottom  edges  of  the  panel  facing  material  must  be 
held  at  least  %  inch  above  the  base  of  the  sLlI  plate  to  insure 
against  direct  vertical  bearing  or  frictional  shear  resistance  of 
the  facings  against  test  equipment  framing.  TTie  testing  labora- 
tory shall  indicate  the  load  at  which  the  ^-inch  panel  base 
clearanc-e  from  the  test  frame  is  dissipated. 

4.5.5  The  panel  top  hori/.ontal  timlx'r  suggested  for  the  (est 
panel  in  the  ASTM  E-72  sketch  shall  not  be  used.  The  racking 
shear  load  should  be  applied  directly  against  the  tspical  wall 
panel  top  plate  member  or  mem1>ers  that  duplicate  actual  field 
c-onstniction  unless  otherwise  approved. 

4.5.6  All  wall  oanels  shall  be  loaded  in  increments  to  failure 
with  deflections  taken  to  obtain  deflection  and  set  characteristics. 
Where  preloading  is  applied,  tlie  loading,  deflection  and  recov- 
ery shall  be  noted.  The  ;miount  of  preloading  shall  not  e\(»-ed 
10  perttMit  of  the  final  allowable  load  unless  approved  by  the 
R*^earch  Committee. 

4.5.7  The  standard  racking  shear  hold-down  rcxls  shall  not 
be  u<>ed.  Panel  elements  and  cxmnections  to  (he  base  shall  resist 
the  uplift  forces.  See  Paragraph  4.5.2  for  alternate. 

4.6  Impact  Tests: 

4.6.1  Impact  t<-s(s  shall  be  c<>nduc(ed  when  re<]uiretl  by  the 
Research  Committee. 

4.6.2  The  tests  are  to  be  conducicd  in  acx-ordance  wnth 
ASTM  E-72  Equipment  and  Principles  for  "Impact  Lf)ad  Sped- 
inen  Ilori/ontal,"  (o  determine  the  point  at  which  (he  panel 


facing  becomes  deformed  or  delaminated  from  the  ctire  mate- 
rial. The  test  utilizes  a  t)0-pound  sand  bag  drop.  Full  size  sana- 
wich  panels,  usually  4  by  8  feet  in  size,  are  cut  in  two,  forming 
two  4  by  4-foot  (est  panels.  The  half-panels  are  suppor(ed  along 
the  two  sides  and  end  remaining  from  the  full  size  panel,  leax  ing 
the  cut  edge  unsupported.  The  test  panels  are  restrained  over 
their  supports  with  a  .spring-loaded  frame  to  reduce  "jump" 
after  impact.  The  amount  of  restraint  shall  be  no  less  than  10 
times  the  weight  of  the  half-pajiel.  TTic  point  of  impac-t  for  \>oth 
tests  shall  be  the  geometric  center  of  the  half-panel  face,  exc-ept 
when  a  spline  or  rib  occ\u-s  at  that  section.  When  this  occurs, 
the  target  shall  be  moved  to  impact  midway  between  any 
splines  or  ribs. 

4.6.3  TTie  60-pound  standard  sand  bag  is  dropped  from  a 
height  of  7  feet  a  total  of  four  times.  The  target  area  is  then 
cut  into  12-inch  squares,  c-omered  on  the  middle  of  the  impact 
area  to  determine  if  delamination  has  occurred.  The  second  half- 
panel  is  tested  and  inspected  in  the  same  manner.  Should  no 
delamination  or  deformation  be  foimd  in  either  panel  at  the 
point  of  impact  or  elsewhere  along  the  cut  edge  of  the  panel, 
the  panel  facing  is  considered  sati"sfactor\"  with  (he  specific  core 
material. 

4.6.4  If  one  of  the  panels  fails,  a  total  of  four  half-panels 
shall  be  tested  in  the  same  manner.  Three  of  the  four  panels 
shall  not  delaminate  from  the  facing  material  to  be  considered 
satisfactory. 

4.6.5  Impact  tests  on  panels  having  single  or  double  cur-^'a- 
ture  such  as  in  shells  or  domes  are  to  be  tested  with  the  convex 
surface  upward.  The  panels  shall  closely  approximate  the  4  by 
4-foot  flat  test  panel.  Longer  spans  are  not  permitted  due  to 
their  greater  energy  absorph'on  characteristics.  Tests  shall 
otherwise  be  the  same  as  for  the  flat  panels. 

4.6.6  Panels  having  metallic  facings  which  are  excessively 
deformed  by  the  sand  bag  without  rebounding  to  their  original 
positi'on  are  considered  unsah'sfactor>'. 

4.6.7  WTien  there  is  a  quesb"on  of  brittle  panel  facings,  sup- 
plementary tests  may  be  necessary,  as  determined  by  the  Re- 
search Committee. 

4.7  Transverse  Load  Tests  —  Roof  and  Floor  Panels: 

4.7.1  Allowable  loads  for  roof  and  floor  panels  are  deter- 
mined under  Paragraphs  4.2.2  to  4.2.7.  Panels  shall  c-omply  with 
the  deflection  requirement  of  Table  No.  23-C  of  the  Code. 
.Additionally,  roof  panels  shall  be  limited  to  a  maximum  deflec- 
tion of  the  span  divided  by  ISO  when  subjected  to  roof  live  load 
or  snow  load,  whichever  governs. 

4.7.2  Deflection  readings  are  to  be  taken  at  mid-span  at  each 
edge  and  the  center  of  the  panel.  Panels  tested  over  a  double 
span  are  to  have  the  same  three  deflection  readings  taken  at  the 
expected  maximum  deflection  point  based  on  analysis. 

4.7.3  Roof  panels  having  diff"erent  facing  materials  on  the 
same  panel  are  to  be  tested  .so  each  facing  material  will  be  in 
compression  and  tension.  Floor  panels  or  panels  tested  on  a  two 
span  condition  need  not  be  tested  in  both  directions. 

4.7.4  The  "Bag  Method,"  vacuum  chamber  or  a  uniform 
loading  of  known  unit  weights  shall  be  used  for  transverse  tests. 

4.8  Density-Water  Absorption  Tests  —  Foamed  Plastic  Core 
.Material: 

4.8.1  The  dcnsit>'  and  water  absorption  characteristics  of 
foamed-in-place  c-ores  are  to  be  determined  from  the  load  test 
panels  after  completion  of  tests.  TTie  test  procedure  in  .ASTM 
C-272  is  to  be  utilized  with  the  following  revisions. 

4.8.2  The  conditioning  temperature  of  Section  4.1.1  of  .ASTM 
C-272  is  to  be  increased  to  158  degrees  Fahrenheit,  plus  or 
minus  5  degrees,  in  lieu  t)f  the  specified  122  degrees  Fahrenheit. 

4.8.3  Representative  specimens  shall  be  taken  from  p.inels 
that  have  been  ade(iuately  cured.  The  report  shall  specify  curing 
proct-dures.  Panels  indicating  obvious  discrepancies  in  lo.id  test 
results  due  to  insuffinent  curing  shall  not  be  u.sed. 

4.8.4  Six  specimens  shall  be  taken  from  a  representative 
panel  of  each  set  subjt-cted  to  the  transverse  l(.iading  test. 

4.8.5  The  densit>-water  absorption  specimens  are  to  }»e  ob- 
tained as  follows,  assuming  a  4  by  8-f<K>t  panel.  Tlie  previously 
tested  full  size  solid  panels  are  cut  across  the  4 -foot  dinu  nsion 
4  to  8  inches  from  each  end  and  then  longitudinally  dovs  n  the 
middle  of  the  remaining  center  portion.  Tbree-inch  square 
samples  are  cut  from  each  outside  quruier  point  of  the  end 
sectif)ns  and  one  sample  cut  from  each  of  the  two  remaining 
c-enter  portions,  totaling  six  samples  from  each  panel.  The  sam- 
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pifs  ;irc  to  Ik-  cut  ;i  ininiiinim  of  1  incli  ;uv.i>  from  any  spline.s. 
A  skt  lch  is  to  l)e  Iii(lf<l  in  tfie  l.ihoi ;ilc<n.  ii'porl  IcxnlinR  i^tn\ 
nninlH  i  iiip"  iIk"  lot  ;if)on  of  ^■,^ch  spt-dinen. 

4.8.0  The  3-inch  s<iti;ire  s.Tniplf.s  arc  cnt  to  ni.iint.iin  the 
rutin-  panvl  thitkncss  inclndinj:  f;tcinjj>N.  The  \ oIiinR-tric  diincn- 
>ions  ;ue  uiea^nrtHl  "as  ietxM"\ed"  ami  .ifter  rcmovnl  of  f.Ttings  in 
;icfoi<iaM<.v  with  Paraf^inph  .3  of  AS  TM  C-272.  The  (Unsity  and 
water  ahsoiplion  tests  are  eondncted  in  accordance  \xith  ASTM 
C-272  with  the  facinRs  reniovtxl.  Care  must  Ix*  taken  to  assure 
that  minimal  mre  m.itcrial  is  icnioxed.  Dimensions  are  taken 
after  tJ)e  first  ov<'n  cnrinj:  and  after  each  conditioning  of  the 
ahNoii>tion  tests.  After  the  final  oven  dr)inp.  the  specimen 
dimi  Msions  are  r«-c-orded. 

4.S.7  The  two-hour  immersion  linear  measurements  reijuired 
l>y  ASTM  C-272  may  Ik-  omitted. 

4.S.S  Foam  density  variations  for  the  different  sample  loca- 
tions may  not  var)'  l>y  n>ore  than  25  peri^-nt  fioni  any  other 
sample  taken  fiom  the  same  panel  based  on  the  lower  \alne 
of  the  two  heing  ctanpared. 

4.S.9  Suhsennent  den^it) -water  absorption  tests  in  conjunc- 
tion with  <iualit>'  tontiol  or  re-<'vaminations  hy  the  Research 
Committee  niust  follow  the  same  test  procedure  as  used  initially 
to  .isvuif  the  \alidit>'  of  comp.uinc  results. 

4.9  ncnsily  Tests  —  Preformed  Foamed  Plastic  Core  >fa(e- 
rial:  PaneU  h.i\ :nc  pr<  formed  foam  i-ores  Immled  in  place  v\  ith  an 
adlu'sive  .ue  to  ha\e  densit\'  tests  conducted  in  accordance  with- 
.\STM  C-271.  Two  samples  are  to  Ix*  c\it  from  one  of  each  set  of 
panels  subjected  to  the  a\ial,  trans\cn;e  loading  and  racking  shear 
t»-sts  respecfi\-ely.  The  samples  are  to  have  the  facing  materia] 
remo\ed.  toirelher  with  any  adhesi\e  injpregnated  core  material 
prior  to  the  den^it}'  dctenm'nation.  The  average  density  values  are 
to  I)e  l)a\ed  on  a  nu'nimtun  of  six  s.unples.  Panels  uifh  window 
and  door  ("peiiings  are  to  ha\e  their  c-ores  treated  in  a  similar 
manner. 

4.10  Density,  shear  and  other  tests  for  other  than  foamed  plas- 
tic cores  shall  he  detei  mined  by  the  Research  Cfimnu'tfee. 

4.11  Substantial  differences  in  coefficients  of  expansion  between 
o)re  an<l  facing  materials  letjuire  justification  that  this  \snll  not  be 
dcfriuH  ntal  to  the  panel  inft-gritv.  Testing  <uider  .ASTM  C-393 
after  aging  under  C>cle  B.  AST.M' C-4K1  shall  be  considered  suH]. 
cient  to  delermine  this  (juality.  Heated  diy  air  shall  be  increased 
to  182  degrees  Fahrenheit  plus  or  minus  2  degrees  in  Cycle  B. 

4.12  Substantial  difTerencx's  in  temperature  l>efween  facings  of 
.1  p.u.el  with  high  coefficients  of  expansion  require  justification  that 
this  will  not  ix'  detrimental  to  the  panel  integrity. 

5.    PA.N'KL  A.\ALVS!S  OPTION: 

5.1  To  provide  flexibility  in  panel  size  with  minimal  full  scale 
panel  testing,  the  characteristics  and  aIlon.d)le  stresses  for  each 
materi.d  used  in  the  panels  may  be  determined  to  pernut  a  rational 
.m.dxsis  Supplonenfal  tests  on  actual  panels  will  l>e  necessary  only 
to  \»  iify  design  assuniptions  and  criteria. 

5.2  Fach  facing  material,  unless  allowable  working  stresses  are 
»-st.d>livhed  in  the  I'uiform  Building  Code  or  are  acceptable  to  the 
Rcse.trch  Conuuittee.  is  to  have  the  following  characteristics  deter- 
nuned  by  representative  tests.  Waiver  of  any  of  the  following 
ch.iraclerisfics  must  be  u  ith  the  concurrence  of  the  Research  Com- 
udftee. 

5.2.1  .Modulus  of  elasticity  (l)ending). 

5.2.2  Tension  par.illel  to  surface. 

5.2.3  Tension  pei  pendicul  ir  to  surface. 

5.2.4  Modulus  of  I  upture. 

5.2.5  Compression  p.irallel  to  surface. 
5.2.G    Shear  parallel  to  surface. 

5.2.7  Density. 

5.2.8  Shear  modulus. 

5.2.9  Fastener  \  .dues  in  she.ir  and.  when-  .ipplit  :ible.  u.ul  or 
screw  he.td  pull  thiouph  for  i  .ic  li  facing  )U.tt<-ri.d  .is  set  foith 
II)  P.u.igr.iph  2  2.3. 

5.3  I'.u.el  cores  sliaM  |,.,ve  the  following  t  h.u  .k  t-  risf  it  >  ,  >|.di- 
lislxfd: 

5.3.1  .Modulus  of  elasticit>-  (bending). 

5.3.2  Tension  peipendicular  to  surface. 

5. .3. .3    Compression  perix  ndicul.ir  to  surface. 

5.3.4  She.ir  parallel  to  surface. 

5.3.5  .Shi-.ir  Hjodulus  (in  each  diu  ction  for  honcx  comb  and 
fo.un  materials ). 


5.3.G  Density  for  foams  and  related  pro<lucts,  ct)re  size, 
weight  and  degree  of  impregnation  for  jiaper  honeycomb  or  the 
standard  identification  spec  ificWinn  for  aluminum  or  light  gauge 
steel  hone>comb. 

5.4  Tests  to  determine  the  facing  and  core  characteristics  are 
as  follows: 

5.4.1  Tension  -  ASTM  C-297  "Tension  Test  r>f  Flat  Sand- 
wich Constiuction  in  Flatwise  Plane"  for  core  material,  and 
ASTM  D-1037  "Evaluating  the  Properties  of  \Vo<h1  Base  Fiber 
and  Paiticle  Panel  Materials,"  Sections  20  to  26  and  27  to  32 
ioT  facing  m.iterial. 

5.4.2  Compression  —  .ASTM  D-1037  "Evaluating  the  Proper- 
ties of  Wood  Base  Fiber  and  Particle  Panel  Materials,"  Sections 
104  to  110,  Procedure  3  for  facing  material. 

5.4.3  Shear  and  Shear  Modulus  -  ASTM  C-273  "Shear  Test 
in  Flatxvise  Plane  of  Flat  Sandwich  Construction  or  Sandwich 
Core.s,"  for  core  ant!  facing  malc*rial  hy  tc*nsion  tests. 

5.4.4  M(k1u1us  of  Rupfurtf  -  ASTM  C-393  "Flexure  Test^,  of 
Flat  Sandwich  Construction,"  for  evaluation  of  facing  materials 
in  sandwich  c-onstruciion. 

5.4.5  Densit>'  —  Paragraph  4.8  for  frothed  or  poured-in-placx 
foams  and  ASTM  C-271  "Density  of  Core  Ntaterials  for  Struc- 
tural Sanduich  Constructions"  for  slab  txpe  foams  bonded  in 
place  in  the  panels. 

5.4.6  Modulus  of  Elasticity  -  ASTM  C-393  "Flexure  Test  of 
Flat  Sandwich  Constructions"  for  facing  materials  in  sandwich 
cxinstruction. 

5.4.7  Fastener  Values  -  ASTM  D-1037  "Evaluating  the 
Properties  of  Wood-Base  Fiber  and  Particle  Panel  Materials," 
Sections  41  to  67. 

5.4.8  Compiession  —  AST.M  C-365  "Flatwise  Compiessive 
Strength  of  S.mdw  ich  Cores."  Method  "B"  for  core  iuaferial. 

5.5  Adhesives  are  to  c»)mply  with  I'. B.C.  Stand. ud  25-19 
or  the  Research  Conuuittee  St.mdard  for  Sandwich  Panel  Adhe- 
sives. 

5.G  Racking  shear  lo.uls  nmst  l)e  determined  un<ler  Par.igr.iph 
4.5  Density  and  water  absoiption  tests  on  six  specimens  frou)  one 
panel  in  conform. nice  with  Section  4  8  .ire  reciuired  for  foamed 
panels. 

5.7  Coefficients  of  expansion  of  core  .ind  facing  uiateri.ds  shall 
be  investigated  .is  ni)te»l  in  Paragi.iphs  4.11  and  4.12. 

G.  ADDITIO.NAL  FABRICATOR  QU  AIJ  FICATIO.N  PRO- 
CEDURES: The  following  procedures  are  necessar>-  for  lecog- 
nition  of  supplementary  f.ibiicating  facilities: 

6.1  A  (lu.dified  representative  of  an  approved  testing  agency 
shall  select  at  1,- .isf  three  p.mels  at  r.uidom  of  each  p.uiel  core  type. 
The  p.inels  are  to  be  penn.uiently  identified  by  the  laborato.ry  per- 
sonnel and  shipped  to  the  testing  agency  facilit)'. 

6.2  Each  of  the  three  p.mels  selected  shall  l>e  subjected  to  a 
tiansversc  lo.ul  test  in  accord, nice  w  ith  S«-ction  4  3  or  4.7.  The  test 
results  sh.ill  be  no  lowei  th.m  .S5  percent  of  the  axc-rage  original 
pl.mt  transvers*-  test  results. 

6.3  For  fo.imed-in-pl.ice  cor<'\,  one  ii.mel  is  to  be  sdeited  for 
each  panel  t\pe  .md  six  di-nsitx-w.iter  .ibsoiption  speciu)eas  cut 
from  the  p.uiel  uxl  tested  in  accord. uice  with  Sections  4.8  and 
4.9.  The  (iensit\'-w  .iter  .ibsoipfion  test  .iv  er.ige  sh.ill  hr  no  lower 
than  85  percent  of  the-  migin.il  pl.mt  test  .iv'er.ige  noi  shall  an\- 
specimen  \ai\  moie  thin  25  peuxut  in  density  from  any  other 
s.imple  t.ik«-n  fioiu  the  s. uue  p. incO.  b.iscd  on  the  lowest  value. 

6.4  The  picfotu.ed  coie  p.iuel  deusi|\  sh;dl  .igiee  with  the 
oiigin.il  coic  deusitx'. 

7.  PA.NFL  ll)i:.\riFlCATIO.\:  P.inels  sh.ill  b»ai  th«'  company 
u.ime,  rese.uch  lecomuiiuil.itiou  iimnlH-r  .md  other  inform. ition 
deemed  ix  c  ess.u  v  by  the  Rt  sc.uc  li  Comuiitlee.  The  idrutific  .ition 
must  be  xisible  ..fter  the  p.incK  .iie  eieded.  Fsteii.n  p.iueK  must 
h.ive  the  rsteiior  f.ice  cle.uK  identified. 

S.  QUALIFY  CO.MHOL:  Qu.ility  coulml  i)io(e<lmes  with 
monitoiing  insp<itions  by  ui  .ippto\fd  inspection  agincy  shall  be 
developed  for  e.ic  h  f.ibi  ic .itii >n  f.icilitv'  based  on  the  p.inel  construc- 
tion, .ipplic .ition.  volume  of  piodiiction.  etc.  The  procedures  shall 
l>e  incliidetl  in  a  <iu.dit\  loiitiol  m.iiiu.d  which  must  be  devt  loped 
jointK  by  the  f  ibricMtor  .uid  iiisp,iiion  .il'cuca'.  P.mel  f.ibric.if ion 
is  not  sauclioix-d  until  ijiLiIitv  louliol  protcdiiies  h.ixe  b«<  n  ip- 
proved. 
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1.  SCOPE  AND  SUMMARY:  The  intent  of  this  Standard  is  to 
proxnde  acceptance  criteria  for  sandwich  panel  adhesives  that  are 
not  regulated  by  U.B.C.  Standard  No.  25-19.  It  is  not  intended  to 
provide  alternate  adhesives  for  wood  members  regulated  by  U.B.C. 
Standards  No.  25-10  and  No.  25-18. 

1.1  Establish  minimum  performance  levels  pertaining  to  moi.s- 
/""^u-  |^"^P^"*"''«»  accelerated  aging,  creep,  oxidation  or  ozone 
(whichever  is  selected),  mold,  chemical  reagents  and  compatibil- 
ity. 


1.2  TTie  Standard  provides  ihc  adhesive  manufacturer  with  a 
means  of  recognition  for  his  product  as  set  forth  in  Paragraph  2. 
Recognition  of  an  adhesive  in  a  research  recommendah'on,  unre- 
lated to  any  panel  system,  will  provide  basic  information  <m  the 
adhesive  under  conditions  set  forth  in  Paragraph  1.1,  and  addi- 
tionally, an  option,  shear  and  bond  strengths  with  panel  facing 
materials  of  the  adhesive  mannfacttirer's  choice.  In  Ixath  instances, 
basic  adhesive  information  must  be  detennined  bv  tests  ( Para- 
graphs 8.3  to  8.8)  conducted  with  stable  materials  set  forth  in 
Paragraphs  5.1.1  to  5.1.4.  The  specific  stable  material  or  materials 
used  should  lie  representative  of  the  use  intended.  Basic  tests  on 
Douglas  fir,  as  one  example,  would  not  be  sufficient  for  a  metal 
skin  panel  applicah'on.  In  all  instances,  creep  tests  may  be  waived 
for  a  Type  I  adhesive.  See  Test  Tabulation,  Figure  No.  1,  on 
page  5. 

1.3  Recognition  of  specific  panel  skins  with  an  adhesive  re- 
(juires  that  shear  and  bond  strengths  with  the  panel  skin  be  deter- 
mined, and  adhesive  c-ompatibility  with  the  skins  be  establi.^hfd. 
This  includes  fire-retardant  or  preservative  treatments.  Panel  skin 
tests  are  conducted  on  specimens  which  are  cured  and  conditiopfd 
in  accordance  with  the  panel  manufacturer's  recommendations. 
This  must  Ik*  compatible  with  recommendations  of  the  adhesive 
manufactrirer.  Testing  shall  be  a.s  noted  in  Paragraphs  8.1.1  and 
8.9.  In  conjunction  with  sandwich  panel  applications,  the  adhesive 
must  be  justified  \mder  Paragraphs  8.1.1,  8.1.2.  and  8.9  to  8.11. 

1.4  The  Standard  does  not  attempt  to  establish  allowable 
values  for  sandwich  panels.  This  is  regulated  by  the  o>nipanion 
Acceptance  Standard  for  Sandwich  Panels  dated  J-»ily,  10?^. 

2.  ADHESIVE  CLASSIFICATION:  The  adhesives  shall  be 
classified  in  accordance  with  their  use  and  characteristics  as  fol- 
lows: 

2.1  Type  1:  .^n  adhesive  for  use  in  wall  panels  subject  only 
t(/  short  term  transverse  or  racking  shear  loads  resulting  from 
wind  or  .seismic  forces. 

2.1.1  Class  1:  An  adhesive  with  low  resistance  to  moisture 
and  creep.  Acceptable  for  interior  nonbearing  partitions,  etc. 

2.1.2  Class  2:  An  adhesive  with  high  moisture  resistance 
and  low  creep  resistance  .such  as  exterior  nonbearing  walls  and 
other  locations  where  high  moisture  resistance  is  necessary. 

2.2  Type  II:  An  adhesive  for  use  in  panels  supporting  loads 
other  than  the  panel  weight. 

2.2.1  Class  1:  An  adhe.sive  with  low  moisture  resistance  and 
high  creep  resistance  such  as  interior  bearing  walls,  exclusive  of 
those  exposed  to  heavy  moisture  conditions. 

2.2.2  Class  2:  An  adhesive  with  high  moisture  and  high 
creep  resistance. 

3.  BASIC  INFORMATION:  The  following  basic  information 
shall  be  submitted: 

■  3.1  Recommended  moisture  content  of  material,  where  ap- 
plicable, at  the  time  of  gluing. 

3.2-    Complete  mixing  instructi'ons  for  the  adhesive. 
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3.3  Application  instnic-tions,  including  the  rjite  uf  ,sprr;ul. 
thickntris  of  wet  and  <liy  film,  nnmbcr  of  coaLs,  whether  to  he 

^  pplietl  to  T>ne  or  Imth  c-ont;)c-t  surfnces,  tx)nditions  for  drying 
»here  more  than  one  c-oot  is  re<iniritl,  weij^ht  per  N<]uare  foot  in 
Npr;iy  npplit-.jHons,  etc. 

3.4  Assembly  conditions,  including  rfwm  ten)i>eratiire,  hnnnd- 
ity  and  time  limitufiorw. 

3.5  Curing  ct>nditions,  iinlndin):  pressure,  time  nn<ler  pressure. 
tnnper;ttnre  of  the  Mssemhly  un<ler  prrsMire,  etc.  Limiting  temi>er- 
ature  should  bo  d.uifietl  as  that  of  the  glue  I)r>e  or  air. 

3.6  Pot  life,  storage  temperature,  ni.iximnm  stnrnge  life,  per- 
ujitfetl  fillers,  if  any,  and  th<^ir  m;uimum  qtuntities. 

3.7  .VIeth<Kl  of  paclaging  and  identification  of  components. 
A.  REPORT  OF  TESTS: 

■4.1  Tests  are  to  l>e  conducted  nnd  reportetl  by  an  approveil 
testing  agency.  Texts  may  l>c  perfornwrd  in  the  laboratory  of  the 
proponent,  providetl  the  selet-tion  of  nwterials,  preparation  of  speci- 
mens. corKliti«>ning,  ac^.elerated  aging  and  actual  tests  are  ol>- 
serve<l,  rer.-orded  arwl  reporttnl  by  a  qu.nlified  indivi<lual  acceptable 
t«)  the  Research  Committee. 

4.2  The  test  reports  must  cover  all  aspects  of  the  te>t  program, 
including  data  in  Paragraph  3.  The  test  progran>s  must  l>e  reporte<i 
in  acx-ordance  with  the  referenced  ASTM  Test  Specific-ation  or  as 
amendetl  in  this  Standard.  All  results  are  to  l>e  reportetl  in  lieu  <>? 
averages  of  several  )<]entical  tes"ts. 

5.  TEST  SPECI.MENS: 

5.1  The  basic  tesLs  for  an  adhesive  recjuire  ctiring,  c-ontlidon- 
ing  and  accelcrate<l  .iging  of  spetnniens  pri<»r  to  testing.  Stable 
niaterials  spen'fiecl  in  the  following  subsections  shall  l)e  used. 

5.1.1  Hard  Maple  blocks  having  a  minimum  specific  gravity 
of  0.(i5  based  on  oven-<lr>-  weight  ami  volume  ( see  Appendix  of 
ASTM  D-905  for  specific  gravity  measurement),  straight 
grained,  free  of  defects  such  as  knots,  binl's  eye,  short  grain,  de- 
cay an<l  anv  unusual  defects,  are  to  l>e  used  for  adhesives  Ixjnd- 
ing  .nssembiies  by  valence  forces. 

5.1.2  Clear,  straight  gr.iin  Douglas  fir.  Coast  Region  wood, 
having  a  specific  gra\ity  range  I)eh\een  .45  an<l  .55  based  on 
oven-dry  weight  and  volume,  is  to  l)e  used  for  adhesives  lM)n<l- 
ing  a.-i-ienihlies  by  mcch.mical  adhesion  (interlocking  action). 

5.1.3  .Metals  may  l>e  usi^l.  The  specification,  ahuniniun  heat 
treatnient  numlver,  etc.,  are  to  be  rep4»rte<l,  together  with  the  re- 
quired condition  of  the  fa>ing  surface  and  any  special  tre.itment 
necessar)'  before  bon<ling. 

5.1.4  Other  jnaterials  re(]uire  prior  approval  before  tests  are 
conducted. 

5.2  The  faying  surfaces  of  the  test  specimens  must  be  pro- 
tected from  a)ntamination  prior  to  the  gluing  operations.  Wcxxl 
specimens  are  to  be  surfaced  within  24  hours  prior  to  gluing  and 
be  at  the  equilibrium  moisture  content  recomn^ended  by  the  adhe- 
sive manufacturer.  In  the  absence  of  such  a  reconmiendation,  the 
nioisture  content  shall  be  from  10  to  12  percent,  based  on  oven-dry 
weight.  When  the  recommended  spread  of  the  moisture  content 
between  the  two  specimens  l)eing  bonded  is  6  percent  or  more, 
.lamples  at  the  upper  and  lower  limits  are  to  be  tested  to  determine 
any  variation  in  strength. 

5.3  The  grain  of  woo<l  specimens  shall  he  parallel  and  per- 
pendicular to  the  direction  of  the  appLed  load  in  the  shear  and 
l)ond  tests,  respectively. 

5.4  Test  specimens  for  adhesive  properries  in  shear,  bond  and 
creep  shall  l>e  as  follows: 

5.4.1  Block  shear  test  specimens  are  assembled  in  accordance 
>*nth  ASTM  D-905.  "Strength  Properties  of  Adhesive  Bonds  in 
Shear  by  Compression  Loadmg."  Paragraphs  4.1.  4  2.  5  and  6, 
and  Figures  Nos.  2  and  3.  The  test  specimens  shall  be  Maple  or 
Douglas  fir,  ct.uiplying  with  Paragraphs  5.1.1  or  5.1.2.  See  Para- 
graph 5.5  for  other  facing  n>aterials.  Wood  blocks  shall  have  the 
s.ime  specific  gravity  (0.04  maximum  variation)  and  their 
lK)ndctl  contact  «rea  determined  by  dimensions  to  the  nearest 
.010  inch. 

5.4.2  Bon«l  strength  specimens  shall  be  Nfaplc  or  Douglas  fir 
as  de^cribcd  in  Paragraphs  5.1.1  and  5.1.2.  Preparation  shall 
conform  to  ASTM  C-297  Tension  Tests  of  Hat  Sandwich  Con- 
struction m  Flatwise  Plane."  The  tAvo  elements  of  each  specimen 
sha  l>e  2  mches  scjuare  and  \  inch  thick.  The  contact  areas 
shall  l>e  based  on  dimensions  to  the  nearest  0  01  inch.  See 
Par^;;r;,ph  5.7  for  bond  test  specimen  preparation  for  metal  to 


metal  and  metal  to  wood  evaluation  tests.  Sec  Paragraph  5.5  for 
other  facing  materials  to  be  tested. 

5.5  Panel  facing  jnaterials  such,  as  plywood,  particleboard, 
hardboard,  special  wood  panel  products,  gypsum  wallboard,  fiber- 
Inwrd,  fibergljLss.  etc..  are  rxjt  considered  stable  enough  to  be  sub- 
jected to  the  Hccelerated  aging  under  Paragraph  7. 

5.5.1  Test  .specimens  are  to  l>c  prcpare<l  for  each  of  the 
facing  jnaterials  for  which  the  manufacturer  desires  recognition. 
The  tvvo  halves  of  each  test  .specimen  may  be  bonded  to  a  back- 
ing material  of  Maple  or  Douglas  fir  with  an  adhesive  complying 
with  U.B.C.  Standard  No.  25-19,  to  provide  a  net  half  spedmen 
thickness  of  X  inch.  The  grain  of  the  facing  material,  when 
evident,  is  to  be  oriented  parallel  to  the  direction  of  loacJ  appli- 
cation for  the  block  shear  tests  and  normal  to  the  applied  force 
for  bond  tests. 

5.5.2  The  two  halves  of  each  specimen  arc  bonded  .so  the 
faying  surface  is  at  the  facing  material  under  consideration.  At 
the  propcment's  option,  only  one  of  the  faying  surfaces  ne«l  be 
the  laminating  material  under  consideration.  Precautions  are 
necessary  in  selecting  the  test  specimen  thicknesses  to  avoid 
affecting  the  b!oc-k  shear  test  restilts  in  the  standard  test  equip- 
ment. 

5.5.3  The  test  specHmerw  are  Ixjnded  imder  the  ct)nditions  in 
Paragraph  5.2  ar>d  then  cut  to  the  dimensions  noted  in  ASTM 
D-905  for  block  shear  tests  and  ASTM  C-297  (using  2-inch 
square  sp>ecinHrns)  for  bond  tests.  Contact  area  dimensions  are 
detennined  to  the  nearest  0.01  inch. 

5.6  Test  spedmens  to  evaluate  creep  characteristics  are  assem- 
bled in  accordance  with  ASTM  D-1002.  'Test  for  Strength  Proper- 
ties of  Adhesives  in  Shear  by  Tension  Loading  (  Nfetal  to  Metal)." 
The  test  sp)ecimens  are  pro\-ided  with  the  required  holes  set  forth 
in  ASTM  D-2294.  See  Figure  No.  2,  page  6, 

5.6.1  As  an  alternate  when  the  adhe.^ive  is  designed  for  bond- 
ing wood  to  wood,  the  specimens  may  l>e  a  pair  of  1-inch  wide 
by  1-inch  long  by  H  inc-n  thick  pieces  of  Maple  or  Douglas  fir, 
each  bonded  to  a  No.  16  ga»ige  nietal  .strip.  Wood  shall  comply 
with  Paragraph  5.1.1  or  5.1.2.  The  adhesive  bonding  the  wood 
to  metal  must  be  one  that  is  unaffected  by  test  con(1itions  and 
not  subject  to  creep.  Adhesives  recY)gnized  under  U.B.C.  Stan- 
dard No.  25-19  are  consi<lered  acceptable.  See  Figure  No.  2  for 
construction  of  the  test  specimens. 

5.6.1.1  The  face  of  each  wood  piece  shall  be  surfaced,  un- 
sanded,  free  of  dust,  straight  grain,  free  from  defects  including 
knots,  bird's  eye  (for  Maple),  short  grain,  decay  and  any 
unusual  discolorations  within  the  shearing  area.  The  grain 
direction  is  to  l>e  parallel  to  the  direction  of  pull.  Moisture 
content  is  to  comply  with  Paragraph  5.2. 

5.6.1.2  The  wood  to  wood  test  .spedmens  shall  have  the 
same  wood  specific  gravity  (maximum  0.04  variation).  The 
wood  portion  of  each  sub-assembly  is  cx)ated  with  the  adhe- 
sive in  ac-cordance  with  the  manufacturer's  instructions  and 
brought  into  full  contact.  Pressure  and  heat,  when  specified, 
shall  be  applied  for  the  required  time  period.  Excess  adhesive 
is  removed  from  all  edges  prior  to  adnesive  setting. 

5.6.2  Where  metal  to  wood  shear  specimens  are  tested,  speci- 
mens shall  be  constructed  as  set  forth  in  Figure  No.  2. 

5.7  Metal  to  metal  shear  test  specimens  are  assembled  as  set 
forth  in  ASTM  D-1(X)2,  with  excess  adhesive  removed  to  .nssure  a 
definite,  uniform  area  of  glue  line.  Metal  to  metal  bond  tests  shall 
be  cxmducted  on  2-inch  square  specimens  with  suffident  metal 
plate  thickness  to  accommodate  the  testing  apparatus  of  ASTM 
C-297  or  bonded  to  filler  blocks  of  the  reqviired  thickness  to  fit  the 
apparatus.  Metal  to  wood  bond  test  specimens  are  preparetl  the 
same  as  for  wood  to  wood  specimens  in  Paragraph  5.4.2,  except 
only  one  layer  of  wood  is  required  between  the  two  metal  test 
blocks  and  using  the  same  test  adhesive  on  both  faces  of  the  wood. 

5.8  The  dry-film  thickness  and  weight  per  square  foot  of  each 
adhesive  application  must  comply  within  10  percent  of  that  recom- 
mended by  the  manufacturer.  This  may  l">e  detennined  by  placing 
a  preweigned  sheet  of  aluminun)  foil  of  a  known  area  in  a  i>osition 
where  it  will  be  sinmltaneously  cr>ated  with  the  test  specinums. 
Preweigh  and  calculate  the  dry  adhesive  deposited  per  imit  area. 
From  the  known  adhesive  density,  the  dry-film  thickness  can  l>e 
computed.  The  wet-film  thickness  may  l>e  determine<l  by  means  of 
ASTM  P^1212,  "Measurement  of  Wet-Film  Thickness  of  Organic 
Coatings,"  Niethod  A  or  B. 

5.9  In  order  to  evaluate  the  effect  of  variations  in  the  glue  line 
thickness,  six  sets  of  five  .specimens  each  are  to  1>e  assembled  in 
accordance  with  Paragraph  5.6,  5.6.1.2  or  5.6.2.  The  six  sets  are  to 
be  divided  into  two  gro»ips  of  three  sets  each.  The  first  gr«»up  is  to 


-B2- 


I>e  piepnrrd  nsinp  oiu-hal/  of  thf  it-coinniendcd  fjlne  line  thick- 
nesN,  and  the  sewnd  ponp  prt-pari-d  iisinR  one  and  one-half  tin)cs 
the  rec«>n)nicnded  jilne  line  thickness.  Two  sets  of  specimens  are 
♦«  l>e  c-onditioned  in  accordance  with  Para>,Traph  6  prior  to  testing 
as  conditioned  (control)  only  specimens  ami  the  other  four  sets 
ac"celerat(Ml  aped  in  acc<>rdancv  with  Paragraph  7.  The  total  nnm- 
l>er  of  sets  may  l>e  re<luced  to  four  when  involving  Class  1  adhe- 
sives,  sinct?  tcstinp  uniler  Paragraph  7.2  would  not  be  req»iired. 
The  ct)nditionetl  (control)  specinien  sets  are  to  l>e  one  set  from 
each  group  an<l  the  ac*celerate<l  agcil  specimen  set.";  are  to  l)e  made 
up  of  the  remaining  .sets  fron)  each  group.  Refer  to  Paragraph  8.0.5 
for  test  procedures. 

G.  CONDITIONING:  The  test  specimens  are  to  l>e  c-ondifioned 
after  curing  in  acx-ordancv  with  the  adhesive  manufacturer's  recoju- 
inendations  pri«)r  to  any  testing  or  accelerated  aging.  If  no  specific 
conditioning  pnK-edure  is  recommemled,  the  test  speciniens  are  to 
l>e  sul)jecte<l  to  an  atmosphere  having  a  relative  humidity  of  5<)  ± 
2  percent  and  a  temperature  of  73  tlegrees  ±  2  degrees  Fahren- 
heit for  a  perio<l  of  seven  <lays,  or  until  .specimens  reach  e«juili- 
hrinm  as  imliaited  l>y  ix)  progressive  change  in  weight,  Specin)ens 
con<litione<l  in  accortlancv  with  this  paragraph  but  not  atx-eleratetl 
aged  in  accordance  with  Paragraph  7.  are  <lesignate<l  as  c-ondi- 
tionetl  (c-outrol)  only  specimens.  The  tabulation  of  the  specinu-n 
weight  and  diniensional  changes  may  l>e  omittetl. 

7.  ACCELERATED  AGING: 

7.1  Acceleratetl  aging  of  "stable"  .sp<'cimens  under  cyclic 
lalKiratory  aging  ctmditions  are  to  lie  conducied  under  ASTM 
D-11K3-70.  "Resistantv  of  A»lhesives  to  Cyclic  Lalioratory  Aging 
Conditit)ns."  Class  1  adhesives  may  l>e  aged  under  Proc-e<lure  "A" 
for  three  pcles.  Class  2  atlhrsives  arc  aged  under  Proce<lure  "C." 
for  three  cycles,  except  that  the  uu'niis  70  degiees  Fahr<'nheit  ten>- 
perature  may  be  raisi-d  to  ntinus  40  degrees  Fahrenheit.  After 
coujpletion  of  atcelerateil  aging  pr<Krd\ues,  the  sj'wcinKMis  are 
c«»n<litioned  again  in  acct)rdance  with  Paragraph  fi  and  inunediatcly 
te.ste<l.  The  tabulation  of  the  specin)en  ^\eight  and  <limensiona) 
changes  niay  U*  onu'tl«'<l  for  l>oth  procvdures. 

7.2  For  Class  2  adht'sixcs.  hw  additional  sp<'cimens  are  to  Ix* 
subn>erged  in  water  at  nM>iu  t<  nipcr.iture  for  48  hours  and  then 
drietl  for  eight  hours  at  a  ten)p<iatMre  of  145  degrees  —  5  dfi:re»-s 
Fahrenheit.  folIo\v<xl  by  tlnce  c>  cles  of  soaking  for  Ifi  hours  and 
then  dn  log  for  riglit  li<iurs  un<?rr  ihr  same  conditions  <if  t«'inpera- 
ture.  The  six-cimens  after  e\p<.-ure  are  to  l)e  conditioned  again  in 
accordanci"  with  Par.igr.ijih  (i  prior  tr)  testing. 

8.  SPECI.MEN  TESTI.NG: 

8.1  The  follow  ing  tests  are  r«'<iuired  to  substantiate  each  adhe- 
si\e  in  accor«lance  with  its  T\pe  and  Clafs.  .Mternnte  tests  or  pro- 
ti-dures  re<iuire  written  approval  prior  to  testing.  The  alternate 
nu'thods  must  In-  substantiated,  including  r<\'isnns  for  not  complv- 
ing  with  tliis  Standard  an«l  the  equivalence  of  the  alternate  to  th<' 
.standard  t<'*t  tuethod.  The  referenced  test  procedures  refer  to  th<' 
lat<'st  ASTM  prfxedures  adopte<l.  unless  specified  otherwise. 

8.1.1  The  adhesixes  are  to  Ix"  tested  with  «'ach  panel  facing 
material  for  which  recognition  is  desired.  SufHcient  test  speci- 
u)ens  are  to  1k>  prepar<'d  and  conditioned  so  that  each  panel 
fating  material  can  be  subjected  to  Iwth  the  block  shear  test 
(Parairraph  8.-3)  an<1  the  l>nnd  test  (Paragraph  8.5)  in  a  condi- 
tioned (ttintrol)  only  .state  to  drternune  their  ulfim.ite  stu-ugth 
\abi<-s.  Thes<'  \alu«'s  are  for  (Timpnrison  with  the  test  n-sidts 
d«-ri\e<l  from  fh«-  hard  Maple.  Douglas  fir.  Co.ist  Ri-yiou  or  metal 
to  metal  test  .M^i-cimms.  which  are  to  b«-  tested  both  in  a  condi- 
tiou<'d  (contiol)  onl>  state  and  an  accelerated  aged  slate. 

8.1.2  When  tin-  ioefRci«  nfs  of  «-\pan>.ion  for  core  an<l  faciui: 
inateriaK  vaiv  «-Messi\ clw  ai^pn  pri.ilc  tests  must  b<-  coudueted 
to  justify  tl^.it  dilbMculi.d  iuo\ «  ii)euts  of  tb<'  <  l«-m«-nfs  will  not  b<- 
d<-trimeutal  lo  lh<-  p.mel  iufeciitv.  This  is  opfioual  under  this 
Standard  but  in.Mid.ilon  nu«ler  the  .Aecejitauee  St.H>dar«l  for 
S  indwit  h  I'.uK-b. 

8.2  The  tist  reivirl  sh.ill  indiiate  tbi-  m.mner  of  f.iibire  for 
<  aeh  sp,.«.j|,,4.n.  Tins  iiu  ludes  whether  the  .i<lhesi\  4\  knuin.itii>C  or 
fai  iui;  utat<-rial  f.iiled  .M>d  lh«-  ji»  rc  «-utage  failure  of  eac  h. 

8.2.*1  I'.ath  test  findini;  s)»all  In-  based  on  tb<'  .ixci.iL'e  of  at 
least  fi\e  tesfs.  Sl>oiild  (here  Iw  ob\  ious  ini  f )nsisteueies.  .i(ldi- 
(ional  tests  shall  perforuH-tl  at  the  option  of  the  Rese.\uh 
Committee. 

8.2.2  Th<'  l«'s|  spct-iu»ens  of  "stable"  materials  un<l»-r  Para- 
Uraph  5.1  an-  subjetl  to  test«.  M-t  forth  in  Parau'r.iphs  S.-T  t«»  8.9. 
inchisixe.  .SufTicient  lest  specimens  are  to  In*  piep.ued  lo  jieruu't 


a  nu'ninuun  «)f  five  tests  in  l>oth  a  conditioned  (c<introl)  only 
state  and  an  aceelerate<l  age<l  state  or  as  directed  for  each  test. 

8..3  Block  Shear:  ASTM  D-905.  "Strength  Properties  of  Adhe- 
sive Bonds  in  Shear  by  Compression  Loading."  This  test  is  re- 
quired for  all  panel  facings  for  which  rec-ognition  is  desire<l.  Curing 
and  conditioning  in  accor<lance  with  Paragraph  6  are  necesvary.  Test 
.specimens  are  to  c-omply  with  Paragraph  5.4.1  or  5.5.  Only  hani 
Maple,  Douglas  fir  or  Coast  Regi(m  test  .specimens  nmst  Ix*  testetl 
as  c«)nditionetl  under  Paragraph  6  and  teste<l  after  acceler.ite<l 
aging  under  Paragraph  7.1.  A  third  set  of  sped'juens  nujst  l>e  teste*! 
after  soaking  un<ler  Paragraph  7.2  when  a  Class  2  adhesive  is 
involved. 

8.4  Shear  Metal  to  Metal  or  Wood  Specimens:  Specimens  for 
adhesives  desigi>ctl  to  l>ond  nu*tal  to  metal  or  metal  to  w»mkI  (har<l 
Maple  or  Douglas  fir  to  a  ujetal).  shall  Ik-  fabric-ated  under  Para- 
graphs 5.6  ami  5.7  and  teste<l  in  acx-ordanc-e  with  AST.M  D-10()2. 
in  ix)th  a  conditionetl  (control)  and  a<.x-elerate<l  aged  state.  Au 
additional  five  .specimens  are  to  l)e  teste<l  in  a  c-ondilioned  state  at 
a  glue  line  ti-st  ten>perature  «>f  182  degrees  ±  2  degres  Fahrenheit 
in  un  unct)nt)olle<1  humidity. 

8.5  Bond:  ASTM  C-297,  "Tension  Tests  of  Flat  San<lwich 
Construction  in  Flatwise  Plane."  This  test  is  re«juire<l  for  all  f.iciny 
materials  for  which  recognition  is  de'^ired  and  re<iuires  conditioning 
under  Paragranh  6.  Test  speciuu-ns  must  Ik*  prepared  in  at  c-ordance 
with  Paragraph  5.4.2  or  5.5.  Hard  Maple,  Dt)Uglas  fir.  Coast  Re- 
gi(ni  or  metal  to  nietal  test  .specimens  are  to  have  a  uuninunu  of 
five  conditi«me<l  (ct)ntrol)  only  specimens  testecl  an<l  one  set  of 
fi\e  additional  tests  ix)nducte<l  on  .spt^imens  which  have  lx.-en 
aixelerateil  aged  in  atxt>rdantv  with  Paragraph  7.1.  One  additional 
set  is  retpiired  for  tests  umler  Paragraph  7.2  where  Class  2  adhi-- 
sives  are  re«juire<l.  The  test  report  is  to  in<licate  whether  the  adhe- 
sive or  the  laminating  niaterial  failed  and  the  pertvntaiie  failure  of 
e.ich  along  with  th«-  information  ri'(|uir«-d  by  .A.STM  C-297. 

8.5.1  Specimens  for  a<1hesives  <lesigne<l  to  lM)nd  ntet.d  to 
\\«xk1  (hard  maple  or  Douglas  fir  to  a  nietal )  «)r  nx  ta!  lo  uK  lal 
nmst  ct>mply  w  ith  Paragraph  5.7. 

8.5.2  Bond  ti-sts  with  stable  materials  in  Paragrajili  5,1  or 
weather-resisti\f  materials  shall  Ix*  ct)n<luct<'d  on  both  ci>n<li- 
tioued  (contM>l)  onl\-  sp<xinu  ns  and  on  atvelerat<-d  ag<  <l  sp<  ti- 
nu  ns  >m<l«T  Paragraph  7. 

8.G  Creep:  Th«'  cri-ep  test  is  to  Ix-  p<rforn)ed  on  all  T\ix-  \\_ 
a<lhesi\es  in  ct>mpli.uHX-  with  .^STM  D-22^)4,  "Creep  i'loperties  ol 
.■\dh<-si\«'S  in  Shear  b>-  Tension  Loading  (Metal  to  Metal)."  The 
desired  shear  stress  must  be  pre<]eternu'ued -so  test  spi'i  intens  i  .ni 
Ix*  load«-«l  to  that  stress  plus  25  percent. 

8.fi.l  The  test  specimens  are  pvepan-d  under  P.u .('..'rapli  5.f). 
Ti'sts  are  conducted  to  determine  tlie  allowabl*-  shear  sdencflt 
for  (!lass  2adheMYi>s.  .Allowable  creep  is  linu'te<l  to  .m  .i\<raj.:e 
of  .002  inch  perinch  in  the  first  hour  for  each  test,  w  ith  .m  .i\i-r- 
aue  of  .005  inch  per  inch  during  the  c-ntire  duration  of  e.ich  test. 
The-  testing  laboraton-  is  to  scrilx-  the  test  m.ukings  im  each 
specimcMi  prior  to  appb  ing  the  test  load,  with  a  n-.tdiuL'  taken 
iuuuediately  after  loading  and  then  at  the  prescribed  interxab 
n)entioned  later. 

8.fi.2  The  sixximens  are  conditioned  under  P.ua'.liaph  fi  jirior 
to  loading  an(l  testing.  One  s«-t  of  five  specinx-ns  is  testeil  .>s 
c«inditioned  (control)  onb"  for  a  perio<l  of  30  da>  s  in  an  imux)u- 
frolled  teujper.iture  atul  hnmidit>  .  taking  creep  readiniis  e\  i  ry 
iiom  for  tlx*  first  eight  hours,  daib  for  tlie  next  sex  c-n  da\  s  .md 
th<  n  wivkly  for  the  remaindc-r  of  the  .30-day  duration. 

8.0.3  A  second  set  of  five  spec  im<-us  shall  be  tested  av  condi- 
tioned (control)  onI>  specimens  ir.  an  mu-ontrnlled  humidity  at 
.m  eh  xaled  len)peralure  of  158  deurec-s  ±  5  degrees  Fahrenheit 
for  one  week.  The  t<  inp«M.»ture  vhall  be  1S2  degrees  ±  2  d<-greeN 
Falu<uheit  where  l>:)uded  ux'lal  surfaces  are  imobed.  Creep 
readiuus  are  taken  e\»-r>  hour  for  the  first  eight  hours  .uid  then 
twice  daib  for  the-  remaiudi-r  of  the  test.  Tlx-  two  test  series  ina>- 
be*  conduc  ted  sinuiltaueously. 

S.r».4  Speciux-ns  for  adhesives  designed  to  bond  ux-t.\l  to 
wo(xl  or  )n<  tal  to  metal  are  prepared  in  accord. uxe  with  P.ira- 
UM.iph  5^2  or  5.7.  The  sp<'cin>ens  are  thc-n  (est(>d  uixler  P.ua- 
Ui.ij^hs  .S.fi.2  au(l  S.f?.3.  Results  are  to  Ix*  c^mtrolled  b\  the  s.ime 
limit. itious  set  in  P.u. I'jr.iph  S.fi.l. 

8.n.5  SpeciuK-ns  under  P.uaiZr.iph  5.9  shall  be  tested  in  .in 
unc-outroll<-d  tenip<'r.\ture  and  humidit\'  c-ondition  under  Pnia- 
•:iaph  S.n  for  srxcn  da\  s.  with  re.idinu's  taken  at  iuleiA  .ds  s|x-c  i- 
fieil  in  Par.i'.:i.iph  .S.('i..3.  .Ml  creep  n>ea<uri-ments  shall  be  rec-or<leil 
for  i<>inparisoi>  with  the  lel.ited  tests. 
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8.7  Oxidation:  Atlhfsivfs  such  il-^  elastointTS,  synthetic  clasto- 
iiKTS,  nihlHT  ctrnients  or  othepi  Mispircte<l  of  hcing  ijffectetl  by  lonj;- 
•rin  :ijrinK  Thall  l>f  cvaliiatt-tl  under  ASTM   D-572,  "Standard 

pthtKl  of  IVst  for  Accelerated  A>rin>{  of  Vulcanized  Rubber  l)y 
ine  Oxygen-Pressure  NlethiMl."  The  adhesives  niust  first  be  evalu- 
atetl  for  possible  ingre<lients  known  to  reaci  violently  with  oxygen 
at  the  test  pressures  or  temperatures.  If  they  exist,  the  alternate 
ozone  test  {fescrilH'tl  in  Paragraph  8.7.2  shall  I>e  conducte<l. 

8.7.1  Five  block  shear  test  speciniens  prepared  in  accordancr 
with  Paragraph  .5.4.1  are  c«)n(iitioned  under  Paragraph  6  ami 
then  subjecled  to  susf>ension  in  an  oxygen  atmosphere  at  I5.S 
degrees  -.5  degrees  Fahrenheit  ami  .300  —  15  pounds  per  stjuare 
inch  pressure  for  a  peritnl  of  500  hours.  Thtr  temperature  shall 
l»e  182  degrees  ±  2  degrees  Fahrenheit  where  lMm<le<l  metal 
surfacvs  are  involve<k  After  exposure,  the  sx>enn>ens  are  again 
conditioned  and  then  testetl  iuuuetliatelv  in  acx-ordauce  with 
ASTM  D-9()5,  "Strength  Properties  <»f  Adhesive  Bond  in  Shear 
by  Compression  L^iading." 

Specimens  utilizing  adhesivi-s  <lesigne<I  to  l)ond  n^etal  to  u)ctal 
or  metal  to  w»km1  are  to  In-  prepared  in  ac-cordauc-e  with  Para- 
graph 5.fi.2  or  5.7.  They  are  tnen  subject«'<l  to  the  oxidation  tt-st ; 
in  I'ar.igraph  8.7,  c-onditioned  as  indic-atetl  therein  and  tested  in 
a<.Tt)rdan<.v  with  A.STM  D-l()02  for  shear. 

8.7.2  As  an  alternate  to  the  oxidation  test,  the  test  procetlure 
under  ASTM^  0-11-19,  "Acx-elerated  Ozone  Cracking  of  Vulcan- 
i7e<l  RublHT,"  may  be  use<!.  Paragraphs  .3,  4.  5,  6  and  7  provid* 
th<*  e<iuipmfnt  six-o"fi<-itions  for  conducting  the  tests.  Thv  ozone 
ii>ncvntratif)n  shall  Ix*  50  parts  ix-r  1  (K).000,0(K)  by  volume, 
measurinl  U-fore  and  adjustttl  after  the  intrinluction  of  the  test 
spi'cimens  into  the  chamlvr,  tlx-n  twice  daily  onc-e  the  projxr 
conct-utration  h.is  Ix'en  r<Mched.  The  stand.ird  chan»ber  tcujper- 
ature  is  to  Ix-  122  "t  2  degre«'s  l'ahr<  nheit  for  the  duration  of 
each  test. 

8.7.2.1  Five  block  shear  ti-st  six-cimenv,  prcpartnl  an<!  ct>n- 
ditione<l  in  acxt)r<lanc-e  with  Paragraphs  5.4. 1  and  6  are  sub- 
jecte<l  t«)  suspensioi>  in  the  o/.on«'  test  chamln-r  for  a  perio<l  of 
72  hours.  After  exposure,  the  specimens  are  again  conditioned 
and  tested  imn)e<liately  in  atvordanct-  with  AST.M  D-^X)5. 
"Strength  Properties  of  Adhesive  Bonds  in  Sh<  ar  by  Conipres- 
si»>n  Loading." 

8.7.2.2  Adhesives  designed  to  Ix)nd  metal  to  metal  or  metal 
to  W(M)<1  are  prepared  and  fe.sted  as  for  the  oxidatitm  n.'st,  ex- 
cept the  ozone  test  in  Paragraph  8.7.2  is  used  in  plac-e  of  the 
oxidation  te.s|. 

8.8  Mold:  Mold  re>isla»ict'  shall  In*  detern)inetl  in  acct»rdance 
with  .ASTNt  D-J877,  "IVrmanencr  of  Adhesive  Bonded  Joints  in 
I'InwimmI  I'nder  Mold  C:on<litions."  Ten  specimens  of  hard  .Maple 
or  Douglas  fir.  Coast  Region  material  are  prepared  in  acc-ordanc-e 
with  I'.uagraphs  5.4.1  and  5.4.3.  ctmditioned  umler  Paragraph 
.md  then  imKula»e<l  ami  exiX)Mtl  as  noted  in  Paragraph  6  of  ASTM 
D-1877.  Exposure  shall  be  for  eight  weeks  after  which  the  speci- 
nuns  are  tested  un«ler  ASTM  D-905  and  ASTM  C-297.  respec- 
tntly  The  percentage  efficiency  of  the  in«Kulate<l  specimens  as 
compare*!  to  the  conditionetl  (control)  only  specimens  must  exc-eed 
90  percent  unless  the  adhesive  is  cl.nssified  as  Type  I,  Class  I. 

8.9  Chemical  Reagent.s:  Five  adhesive  specimens  each  are 
prepared  in  accordanc-  with  Paragraphs  5.4.1  and  5.4.2.  All  sam- 


ples are  then  comlitioned  under  Paragraph  6  and  exposed  to  chem- 
ic-al  reagents  for  which  recognition  of  resistance  is  desired.  The 
tests  are  conducte<l  in  accordance  with  ASTM  D-896,  "Resistance 
of  Adhesive  Bonds  to  Chemic-al  Reagents."  The  adhesive  shall 
demonstrate  no  loss  of  strength  when  the  specimens  are  tested  by 
ASTM  D-905  and  ASTM  C-297,  respectively.  The  test  may  be 
waived  when  the  adhesive  is  limited  to  use  in  Croups  "H"  and  "I" 
OcxMipancies  except  xvhere  fire-retardant  or  preservative  treatment 
is  involvetl. 

8.10  Compatibility:  The  adhesive  or  .snmlwich  panel  propo- 
nent shall  inclic-ate  the  c-ore  materials  he  desires  recognition  .ns  com- 
patible with  the  adhesive.  For  .spray  applications,  three  represen- 
tative .samples  of  each  core  material  shall  have  the  following 
adhesive  cf>atings  applied  to  a  smooth,  even  surface.  In  three 
immediate  ctmsectitive  spray  applicjitions,  each  at  a  rate  to  provide 
«me-half  the  final  recommended  thickness,  one  coat  shall  lie  applied 
to  three  sp<'tnmens,  a  secoml  c-oat  to  two  specimens  and  a  third 
coat  to  om-  spedmen. 

When  a  spray  applit-.ition  is  not  recxmimende*!,  the  three  sam- 
ples shall  have  one-half,  full  and  one  and  one-half  the  rect)m- 
mendi-<l  thickness  of  adhesive  applied  in  acxt)rdance  with  the 
adhesix'e  manufacturer's  standard  instructions,  exc-ept  for  the  thick- 
nes7». 

Additionally,  ten  2-inch  scjuare  .specimens  of  each  c-ore  material 
shall  l>e  ctMteil  and  lH)n<led  in  pairs  with  the  rect)mmende<l  adhe- 
sive thickm'ss  to  form  a  speciuten  for  te>:ting  under  ASTM  C-297. 
Boml  strength  in  acxtmlancv  with  ASTM  C-297  is  then  <leteni-iine<l 
after  the  three  week  peri<Kl  notetl  in  Paragraph  8.10.2. 

8.10.1  All  .samples  shall  l>e  maintained  at  the  rec-ommended 
temiX'rature  and  himii<lity  during  panel  fabrication  and  observa- 
tions m.'de  ctmcxTuing  the  surfaces  and  edges  during  the  <lrying 
or  Cluing  iXTiixl. 

8.10.2  All  saniples  shall  be  retaine<l  in  areas  of  uncontrolled 
moisture!  ami  temperature  ;ifter  drxing  and  oliservations  made 
at  the  end  of  the  first,  Mxond  and  third  week.  Any  evidence  of 
deterioration,  .softening,  hardening  »)r  cracking  of  the  samples 
n»)ted  tluring  the  application,  curing  and  observation  period.s 
sh.dl  l>e  reported.  The  c-«)re  material  sho\ild  l>e  of  different  den- 
sities when  poK  urethane,  polystyrene  foams  or  similar  )uaterials 
are  tise<l  to  assure  ct)mpatibi)ity  over  a  range  of  core  applica- 
tions. 

8.11  Core-Facing  Bond:  Testing  specified  in  ASTM  C-393, 
"Flexure  Test  of  Flat  Sandwich  Constructions,"  shall  be  conducted 
when  there  is  insufficii-nt  evidence  that  c-oie  shear  failure  will  con- 
sistently ocx«ir  Ix'fore  failure  at  the  l>oml  line  between  the  core 
and  facing. 

9.  FACTORS  OF  SAFETY:  A  factor  of  safety  of  generally  five, 
based  on  ultim.ite  loads  derived  from  tests,  shall  Ixf  used.  The 
lowest  ultimate  load  x'alues  for  each  test,  baved  on  either  the  cx)n- 
ditioned  ( c-ontrol )  or  the  acxelevated  age<l  specimens  shall  l)e  used. 
Mfulification  of  this  rc<jtu'rement  will  be  considere<l  if  tests  yield 
consistent  results,  conditi«)ns  of  use  are  clearly  delineate<!  and  other 
pertinent  c-«)nditions  raise<l  by  the  Research  Committee  are  re- 
solved. 

Increases  to  allowable  stresses  based  on  duration  of  loading  shall 
be  limited  to  specific  conditions  set  by  the  Research  Committee. 
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FIGURE  NO.  1  — TEST  TABUUTION 


RESEARCH 

REPORT* 

CATECORY 

Adhesivt 

PantI 

SPECIMEN' * 

CONOITIONINC«» 

ACIN6^ 

TEST  PROCEDURE' 

X 

5.4.1  Maple  or  Douglas  fir 

5 

7 

8.3 

SHEAR 

X* 

— 

5.1.3  &  5.7 
Metal  or  Fiberglass 

6 

7 

8.4 

- 

X 

5.5  Other  Facing  Materials 

6 

None 

8.3 

X 

- 

5.4.2  Maple  or  Douglas  fir 

6 

7 

- 

BOND 

X5 

5.1.3  &  5.7  Metal 

6 

7 

8.5 

X 

3.5  Other  Fscin^  Msterisls 

Q 

CREEP  ( Not  Required 
For  Type  I  Adhesives ) 

X 

5.6.1  &  5.9 
Maple  or  Douglas  fir 

6 

None 

8.6 

X* 

-  • 

5.1.3.  5.7  &  5.9  Metal 

6 

None 

8.6 

OXIDATION* 

X 

- 

5.4.1  Maple  or  Douglas  fir 

6 

8.7 

8.7.1  or  8.7.2.1 

X 

5.1.3,  5.6.2  &  5.7  Metal 

5 

8.7 

871  or  8722 

MOLD 

X 

5.4.1  &  5.4.2 
Maple,  Douglas  fir  or  Metal 

6 

None 

8.8 

CHEMICAL  REAGENTS' 

X  * 

5.4.1  &  5.4.2 
Maple  or  Douglas  fir 

6 

None 

8.9 

CORE  COMPATIBILITY 

X 

Core 

8.11.1  tt  2 

None 

8.10 

CORE-FACING  BOND 

X 

Core-Facing 

6 

None 

8.11 

'Reference  number  refers  to  Paragraph  in  Standard. 

'Paragraph  5.2  applicable  generally  and  5.3  in  shear  and  bond  tests. 

'Includes  fire-rctardant  and  preservative  treatments. 

^ests  for  panel  reports  assume  that  an  adhesive  already  approved  will  be  used.  The  adhesive  manufacturer  may  also  include  panel  materials  in  the  reo 
as  an  <iption.  See  Paraeraph  1.2.  ^ 

"Shear,  bond  and  creep  tests  on  steel  and  fiberglass  samples  are  optional  in  an  adhesive  report  if  the  manufacturer  does  not  wish  recoenition  for  ih, 
materials. 

"Qualifying  tests  with  wood  or  steel  samples  are  acceptable  for  all  core  and  fadng  materials. 
'See  test  procedures  for  variations. 
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Provide  hole  as  required  by 


One  required  for  each  specimen  in  Paragraph  5.6.2. 


Provide  hole  as  required  by 


Two  required  for  each  specimen  in  Paragraph  5.6.1. 
One  required  for  each  specimen  in  Paragraph  5.6.2. 


FIGURE  NO.  2 
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INTRODUCTION; 

As  requested,  we  have  carried  out  load  tests  on  Cano  Structures 
Nascor  R20  Wall  System  described  below.  The  tests  were  conducted 
in  accordance  with  ASTM  Standard  E72-80.  "Standard  Methods  of 
Conducting  Strength  Tests  of  Panels  for  Building  Construction." 
The  purpose  of  these  tests  was  to  determine  the  structural 
properties  of  segments  of  a  wall  panel  developed  by  Cano 
Structures  Inc. 


DESCRIPTION  OF  NASCOR  R-20  WALL  SYSTEM 

The  Nascor  R20  Wall  System  test  panels  consisted  of  140  mm 
(5  1/2")  thick  wall  panels  measuring  2440  mm  (8'0")  high  by  1220 
mm  (4'0")  wide  with  NASCOR  columns  spaced  at  600  mm  (24")  on 
center  with  140  mm  (5  1/2")  thick  expanded  polystyrene 
insulation  infill  panels  between  the  columns.  One  38  mm  x  140  mm 
(2"  X  6")  bottom  plate  and  a  double  38  mm  x  1 40  mm  ( 2"  x  6")  top 
plates  screwed  to  the  studs.  All  wood  is  graded  S.P.F.  ff^  and 
§2.  Type  1  expanded  polystyrene  insulation  is  used  for  infill 
panels. 

The  NASCOR  R20  column  consists  of  a  64  mm  (2  1/2")  thick  by  89 
mm  (  3  1/2")  wide  expanded  polystyrene  core  adhered  to  the  89  mm 
(3  1/2")  face  of  each  of  the  two  38  mm  x  89  mm  (2  x  4)  wood 
membranes  (i.e.  2  wood  members  and  a  polystyrene  core  per 
column).  The  NASCOR  R20  columns  are  placed  in  the  wall  assembly 
in  such  a  manner  that  the  long  dimension  of  the  38  mm  x  89  mm 
(2  X  4)  wood  members,  which  is  the  89  mm  (3  1/2")  side,  is 
parallel  to  the  plane  of  the  wall  rather  than  the  conventional 
method  of  placing  studs  with  wide  face  perpendicular  to  the 
plane  of  the  wall.  A  NASCOR  column  therefore  measures  140  mm 
(5  1/2")  thick  (to  match  the  wall  thickness)  by  89  mm  (3  1/2") 
wide  (the  width  of  the  wood  members).  The  expanded  polystyrene 
infill  panels  are  interlocked  with  the  column  cores  to  hold  the 
infill  panels  in  place. 
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TEST  PROCEDURES 

1 .        TRANSVERSE  LOAD  TEST 

Tests  were  carried  out  in  accordance  with  ASTM  E72-80. 
Tests  were  performed  on  three  like  specimen  of  the  wall 
system  without  any  sheathing  on  either  side.  Two  additional 
tests  were  carried  out  on  the  wall  system  with  12.5  mm 
(1/2")  gyproc  sheathing  on  the  compression  side  (i.e.  top 
side)  and  one  additional  test  was  performed  with  12.5  mm 
(1/2")  gyproc  sheathing  on  the  tension  side. 

4'  X  8'  test  panels  were  placed  horizontally  in  the  test 
frame  on  a  span  of  2286  mm  (90").  Loads  were  applied  at  the 
quarter  points,  using  a  hydraulic  ram  and  pump  system.  At 
each  increment  of  the  load,  the  deflection  of  the  panel  at 
mid  span  was  measured,  using  dial  indicators  reading  to 
0,001".  An  average  of  the  two  readings,  (one  on  either  side 
of  the  panel)  was  calculated.  Load  deflection  data  is 
tabulated  and  plotted.  Stiffness  of  the  4'  wide  panel  up  to 
a  deflection  of  span/180  was  calculated  (The  initial 
stiffer  portion  of  the  curve)  using  linear  regression  and 
standard  engineering  formulas  for  loading  conditions. 

Two  additional  Transverse  Load  tests  were  carried  out  on 
3454  mm  (136")  spans  to  determine  any  change  in  the 
stiffness  value  due  to  increased  span. 
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CALCULATIONS  FOR  TRANSVERSE  LOAD  TEST 
Stiffness  EI  of  4'  wide  section  =  11P  l2 


2xAx  384 


Where  P  =  Total  Load  (lbs) 
L  =  Span  ins. 
A  =  Deflection  ins. 


FOR  TEST  PANELS  WITHOUT  ANY  SHEATHING 

Test  1     EI  =  19.114  x  10^  psi.  Ultimate  Load  =  3621  lbs. 

Test  2     EI  =  25.022  x  10^  psi.  Ultimate  Load  =  4146  lbs. 

Test  3     EI  =  23.982  x  10^  psi.  Ultimate  Load  =  4197  lbs. 

Test  4     EI  =  22.193  X  10^  psi.         Not     Recorded.     Panel  bottomed 

out. 

Test  5     EI  =  23.360  x  10^  psi.         Not     Recorded.     Panel  bottomed 

out. 

Average  EI  =  22.734  x  10^  psi. 

Average  El/Stud  Column  =  22.734  x  10^ 

3 

=  7.578  X  106  psi 

From  the  above  results,  limiting  loads  for  various  spans 
have  been  calculated  as  below: 

For  wall  panels  with  studs  at  24"  o.c. 

Span   (L)   ft.  Allowable  Load   (psf)   for  Deflection  of 

L/180  L/240 

8*  21.9  16.4 

9'  15.4  11 .6 

10*  11.3  8.4 

Note:     Wind  blowing  at  75  mph  exerts     a     load     of     14     psf  on  the 
wall. 
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2.   AXIAL  LOAD  TEST  • 

Tests  were  carried  out  in  accordance  with  ASTM  E72-80.  Tests  were 
performed  on  three  like  specimen  4'  wide  x  8'  high.  Tests  were 
performed  without  any  sheathing  on  the  panels.  The  specimen  was 
placed  in  the  load  frame  vertically  and  the  load  was  applied  with  a 
hydraulic  ram  and  pump  system. 

At  each  increment  of  the  load,  the  deflection  at  the  center  of  the 
wall  was  recorded  and  set  after  the  load  was  removed  at  each 
increment.  The  results  were  tabulated  and  plotted. 


TEST  RESULTS: 


PANEL  NUMBER 


12  3  Average 


Ultimate  Load   (lbs)  25,400         24,996         23,316  24,571 

Ultimate  Load  8,476  8,332  7,772  8,190 

(lbs/stud  col. ) 

Allowable  Ultimate  Load  1,411  1,388  1,295  1,365 

(lbs/ft)  with  safety 
factor  of  3. 

Lateral  Deflection  of  the  0  0  0.030  0.010 

Wall  at  centre  at  maximum 
allowable  axial  load. 
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3.   RACKING  LOAD  TEST 

Racking  load  test  was  performed  on  three  like  specimens.  Tests 
were  performed  on  8'  x  8'  wall  panels  in  accordance  with  ASTM 
Standard  E72-80.  The  panels  had  a  1/2"  gyproc  sheathing  on  one 
side. 

The  panels  were  placed  vertical  in  the  test  frame  and  the  load 
was  applied  using  a  hydraulic  ram  and  pump  system.  Deflections 
and  sets  were  measured  using  a  dial  indicator  reading  to  0.001". 

Test  results  were  tabulated  and  plotted  on  a  graph. 


TEST  RESULTS; 

PANEL  NUMBER 


3  Average 


Ultimate  Load  (lbs)  1,668  1,403  1,403  1,491 

Ultimate  Load  209  175  175  186 

(Ibs/lin.ft. ) 


Allowable  Ultimate  Load  70  58  58  62 

(Ibs/lin.ft.)  with 
safety  factor  3 

Deflection  (ins)  at  mid  0.20  0.20  0.20    '  0.20 

span  at  maximum  allowable 
load.    (Deflection  for  8' 
wide  wall  is  recorded) 
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DISCUSSION  OF  TEST  RESULTS 

1 .  TRANSVERSE  LOAD  TEST 

From  the  test  results  it  can  be  seen  that  for  a  fixed  span 
the  stiffness  (EI)  of  the  panel  decreases  with  the 
increasing  load. 

Since  the  design  of  such  walls  are  limited  by  the  allowable 
deflections,  it  was  considered  reasonable  to  use  the  load 
deflection  data  from  the  laboratory  tests  slightly 
exceeding  span/180  deflections.  Span/180  deflections  are 
considered  to  be  the  maximum  allowed  for  design  purpose  by 
any  approving  authorities.  Some  authorities  only  allow 
span/240  deflections  for  walls. 

Using  test  data  up  to  span/180  deflections  seem  more 
realistic  since  designs  are  never  going  to  exceed  these. 

From  the  test  results  obtained  it  can  be  seen  that  for  the 
Nascor  R20  column  the  EI  value  obtained  is  7.578  x  10^ 
psi . 

For  a  common  2  x  4  S.P.F.  grade  stud,  the  modulus  of 
elasticity  is  in  the  range  of  1.2  to  1.3  million  psi. 
Therefore  EI  value  of  a  common  2  x  4  S.P.F.  grade  stud  on 
edge  would  be  5.36  x  1.3  x  1 0^  =  6 . 97  x  1 0^  psi.  So  it 
can  be  seen  that  the  Nascor  R20  column  is  slightly  stiffer 
than  a  common  2x4  S.P.F.  grade  stud,  and  we  can  safely 
recommend  that  a  Nascor  R20  column  can  be  used  in  a 
building  construction  instead  of  a  2  x  4  S.P.F.  grade  stud. 

2.  AXIAL  LOAD  TEST 

Axial  load  tests  show  that  the  stud  can  with  a  safety 
factor  of  3  support  an  axial  load  of  2730  lbs.  Actual 
maximum  allowable  load  per  column  would  only  be  2570  lbs. 
since  any  load  exceeding  this  will  exceed  the  allowable 
value  for  S.P.F.  grade  lumber  in  compression  perpendicular 
to  the  grain  for  the  top  plates.  For  a  common  2x4  stud 
the  maximum  allowable  axial  load  value  will  only  be  1286 
lbs.  with  S.P.F.  grade  top  plates.  So  once  again  Nascor  R20 
column  can  be  used  instead  of  2  x  4  S.P.F.   grade  stud. 
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DISCUSSION  OF  TEST  RESULTS;  Cont'd 


3.       RACKING  LOAD 

From  the  test  results  it  was  established  that  the  wall  with  1/2" 
gyproc  sheathing  on  one  side  can  take  a  racking  shear  load  of  62 
lbs.  per  linear  foot  of  the  wall. 


CONCLUSION; 

After  carrying  out  a  number  of  Transverse  Load  tests.  Axial  Load 
tests  and  Racking  Load  tests,  we  can  conclude  that  the  Nascor 
R20  wall  system  is  equivalent  or  slightly  better  than  a  standard 
2x4  S.P.F.  grade  stud  wall  with  the  studs  spaced  at  the  same 
distance  as  Nascor  R20  column.  This  applies  to  deflection 
conditions  of  up  to  span/180  only. 

The  expanded  polystrene  infill  panels  between  the  columns 
provide  sufficient  lateral  bracing  as  can  be  seen  from  the  test 
results  that  all  axial  load  tests  failed  in  a  plane 
perpendicular  to  the  wall  and  hence  additional  lateral  bracing 
is  not  required. 

The  Nascor  R20  wall  system  can  safely  be  used  where  a  standard 
2  X  4  S.P.F.  grade  stud  wall  are  used. 


I 
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NASCOR  R20  WALL  -  TRANSVERSE  LOAD  DATA 


NO  GYPROC 
SPAN  =  90" 


T  HAD  1 

UiliC  Li  I 

UHjr  Li  z 

T  nan 

"3 

J 

Ullir  Li 

LBS 

INS. 

LBS. 

INS. 

LBS. 

INS, 

0 

0.000  * 

0 

0,000  * 

0 

0.000 

★ 

357 

0.170  * 

306 

0.104  * 

306 

0.101 

* 

677 

0.343  * 

738 

0,264  * 

666 

0,253 

★ 

965 

0.516  * 

1098 

0.433  * 

995 

0,407 

★ 

1  263 

0.683  * 

1  428 

0.593  * 

1  294 

0,557 

★ 

1551 

0.858 

1705 

0,751 

1520 

0.721 

1737 

1  .024 

1963 

0.923 

1685 

0,876 

1994 

1  .190 

21  59 

1  .089 

1881 

1  ,021 

21  69 

1  .353 

2385 

1  .256 

2087 

1  ,190 

2365 

1  .509 

2591 

1  .421 

2282 

1  ,353 

2509 

1  .652 

2766 

1  ,582 

2406 

1  .460 

2632 

1  .784 

2972 

1  ,744 

2591 

1  .622 

2674 

1  .  908 

3085 

1  ,850 

2776 

1  .782 

2930 

1  .941 

Ultimate 

3621  lbs. 

4146  lbs. 

4197 

lbs 

Slope 

1830.6 

2396.4 

2296. 

8 

Corr . 

.999 

.997 

.997 

EI  Panel 

19.114  X 

10^ 

psi  25.022 

X  10^  psi 

23.982 

X 

1  o6 

Average 

El/Stud  7. 

569 

X  10^  psi  (3 

studs  per 

panel ) 

*  Data  used  for  calculation  of  EI. 
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NO  GYPROC 
SPAN  =  136  inches 

LOAD  4  DEFL.    4  LOAD  5         DEFL .  5 


0  0  * 

200  .285 

400  .614 

500  .814 

600  .995 

700  1.240 

800  1.486 

900  1.799 
1000 


Slope  615.0 
Corr.  .998 

EI  Panel  22.193  x  10^  psi 
Average  El/Stud 


0 

0 

100 

.105  * 

200 

.264  * 

300 

.388  * 

400 

.552  * 

500 

.769  * 

600 

.997 

700 

1 

.178 

800 

1 

.393 

900 

1 

.682 

648.4 

.993 

23.360 

X  10 

^  psi 

7.592  X  10°  psi   (   3  stud  per  panel  ) 
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TRANSVERSE  LOAD  TEST  DIAGRAM 


1.  Hydraulic  Ram 

2.  Calibrated  Pressure  Gauge 

3.  4"  X  48"   I  Beam 

4.  4  X  4  X  48"  Beam 

5.  l"x  48"  Steel  Roller 

6.  1/4"  X  3"  X  48"  Steel  Plate 

7.  Dial  Micrometer    (  1  each  side,   attached  to  reaction  frame) 

8.  Test  Specimen 

9.  Cement  Block 
10.  Reaction  Frame 


Note:     All  dimensions  are  measured  in  inches  unless  otherwise 
noted. 
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AXIAL  LOAD  TEST  DIAGRAM 


^     To  Hydraulic  Pump 


1.  Calibrated  Pressure  Gauge 

2.  Hydraulic  Rams 

3.  4"  X  48"   I  Beam 

4.  1/4"  X  6"  X  48"   steel  plate 

5.  Steel  Rod 

6.  Test  Specimen  48  x  96 


77-77, 


-»-  T 


J3 


& 


f  © 


7.  Dial  Micrometers  (4) 

8.  L.  Bracket 

9.  Wire  Clamp 

10.  Wire 

11.  Def lectometer 

12.  Reaction  Frame 
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NASCOR  R20  WALL  SYSTEM 
RACKING  SHEAR  TEST  DATA 


NOTE:  ALL  DEFLECTIONS  IN  INCHES 

PANAL  1 

LOAD         DEFL  1      UEFL  2      DEFL  3      SET  1        SEH"  2       SET  3 
LBS  LD  SIE^    BOTTOM  TOP 

0       0.000       0.000       0.000       0.000       0.000  0.000 

227       0.011       0.000  0.068 

467       0.024       0.003  0.186 

790       0.049       0.006       0.468       0.018       0.003  0,212 
948       0.053       0.008  0.548 
1188       0.069       0.010  0.834 

1570  0.076  0.016  1.422  0.060  0.008  0.700 
1668       0.093       0.019  1.814 

PANAL  2 

LOAD         DEFL  1  DEFL  2      EEFL  3      SET  1        SET  2        SET  3 

LBS           LD  SILE  BOTTOM  TOP 

0  0.000  0.000  0.000       0.000       0.000  0.000 

154  0.012  0.001  0.043 

279  0.014  0.003  0,105 

404  0.019  0,003  0.178 

529  0.027  0.004  0.260 

654  0.045  0.005  0,398 

790  0.049  0,005  0,565       0,023       0,002  0.270 

903  0.135  0.006  0.775 

1028  0.140  0,008  0,968 

1153  0,155  0,008  1,142 

1403  0,240  .0,008  1,574 


PANAL  3 

LOAD         DEFL  1      DEFL  2      EEFL  3      SET  1        SET  2        SET  3 
LBS  LD  SICE    BOTTOM  TOP 

0  0,000  0,000  0,000       0.000       0.000  0.000 

154  0.001  0.001  0.059 

279  0.014  0.003  0.180 

404  0.019  0.005  0.261 

529  0.027  0.060  0.378 

654  0.045  0.087  0.567 

790  0.049  0.115  0.753       0.013       0.082  0.305 

903  0.135  0.120  0.948 

1028  0.140  0,125  1,089 

1153  0.155  0.127  1.273 

1403  0.240  0.132  1.725 
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RACKING  SHEAR  TEST  DIAGRAM 
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SECTION  A-A 


1. 
2. 
3. 
4  . 
5. 
6. 


Hold  down  plate  and  roller 
Lateral  Guides 
Hydraulic  Ram 
Roller 

Dial  Micrometer 
Calibrated  Hydraulic  Gauge 


7.  Reaction  Frame 

8.  Hold  down  rod 

9.  Bolts 

10.  Stop 

11.  2  X  12  Timbers 
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INTRODUCTION: 

We  have  carried  out  Axial  Load  tests  on  Cano  Structures  Nascor  II 
wall  system  described  below.     The  tests  were  conducted  in  accordance 
with  A.  S.  T,  M.  standard  E  72-80.   "Standard  Methods  of  Conducting 
Strength  Tests  of  Panels  for  Building  Construction."    Three  tests 
samples  were  manufactured  at  Cano's  plant  in  Calgary  on  July  7, 
1987  and  tested  on  July  20,  1987. 

A  fourth  sample  prepared  at  Cano's  Langley  B.  C.  Plant  on  August 

17,  1987  was  tested  on  August  22,   1987.     The  fourth  panel  was  tested, 

since  one  of  the  panels  tested  on  July  20,  1987  was  defective. 

The  two  side  columns  were  slightly  longer  than  the  two  middle  columns 

and  as  such  the  two  side  columns  carried  most  of  the  applied  axial 

load  and  the  panel  failed  prematurely. 

DESCRIPTION  OF  NASCOR  II  AXIAL  LOAD  TEST  SPECIMEN 

The  Nascor  II  test  specimen  consisted  of  5^"  thick  wall  system 
measuring  10 '-0"  high  by  6*-0"  wide  with  four  Nascor  columns 
spaced  at  24"  o.c.     The  wall  panel  was  filled  with  5^"  thick 
expaned  polystyrene  insulation  infill  panels  between  the  columns. 
One  2"x6"  bottom  plate  and  a  one  2"x6"  top  plate  are  screwed  into 
the  columns  studs  using  4-3"  long  No.   10  "Lo-Root"  screws. 
All  wood  is  graded  S.P.F.   #  2  and  better. 

The  Nascor  column  was  made  with  two  2"x4"  #  2  S.P.F  and  better 
lumber  studs  face  adhered  to  polystyrene  core  using  Dural  P.V.A. 
glue  spread  at  a  rate  of  250  sq.  ft.  per  gallon. 

Tests  were  performed  without  any  sheathing  on  the  panels.  The 
specimen  was  placed  in  the  loadA vertically  and  the  load  was  applied 
through  a  steel  beam  and  hydraulic  rams  with  caliberated  gauge. 
The  deflections  were  measured  using  dial  indicators  with  .001" 
divisions . 

At  each  increment  of  the  load,  the  lateral  deflection  and  set  at 
the  center  of  the  wall  and  vertical  deflection  were  recorded  and 
tabulated. 

 /2 

Au.  wtporrs  ahe  twc  contocktuu.  pwowtty  or  ojents.  PueuCATtow  or  stattmcnts,  cx)nclusk>»s  or  extracts  fik)m  or  recarcxng  oor 

PEPO^rrs   IS    NOT   POtMlTTtO   WTTWOUT   COR   WHTTTEN    APPROVAL.    ANY    UAatUTY   ATTACHED  TVICRETO   «S   UMTTED  TO  TWE  FtX  CHARGED. 
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TEST  RESULTS 


PANEL  NOS 


1*  2 
18366  ^  ZSO 


35 
7008 


Ultimate  Load  (lbs.) 
Ultimate  Load  (lbs/stud 
col.)  4591 
Allowable  Ultimate  Load 
(lbs. /stud)  with  safety 

factor  of  3.  1530  2336 

Lateral  Deflection  (ins.) 
of  the  wall  at  centre  at 

maximum  allowable  axial  load.  -  0.06 


3 

31819 
7954 

2651 

0.020 


1  Average 
23915  27923 


5979 


6980 


1993  2327 


0.04 


0.04 


*  Results  of  Sample  no.  1  have  been  omitted  from  the  average 
due  to  defective  test  sample. 

MODES  OF  FAILURE: 


Sample  No.  1  -      Two  side  columns  buckled  laterally 

parallel  to  the  plane  of  the -wall. 

Sample  No.  2  -      Wall  buckled  laterally  perpendicular 

to  the  plane  of  the  wall. 

Sample  No.   3  -      Wall  buckled  laterally  perpendicular 

to  the  plane  of  the  wall. 

Sample  No.  4  -      Wall  buckled  laterally  perpendicular 

to  the  plane  of  the  wall. 


WARNOCK  HERSEY  PROFESSIONAL  SERVICES  LTD. 


F.  Mawani,  P.  Eng., 
Manager,  Field  Services 
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AXIAL  LOAD  TEST  DIAGRAM 
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1.  Calibrated  Pressure  Gauge 

2.  Hydraulic  Rams 

3.  4"  X  48"   I  Beam 

4.  1/4"  X  6"  X  48"  steel  plate 

5.  Steel  Rod 

6.  Test  Specimen  48  x  96 


7.  Dial  Micrometers  (4) 

8.  L.  Bracket 

9.  Wire  Clamp 

10.  Wire 

11.  Def lectometer 

12.  Reaction  Frame 
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AXIAL  LOAD  TEST  DATA, 


LOAD  -  GAUGE  LOAD.  DEFLECTIONS.   -  LATERAL,  (mm.), 

READING.   PSI.  LBS.  T=0  T=5  LOAD  RELEASED, 


0 

0 

103 

300 

700 

103 

500 

1549 

102 

102 

102 

750 

102 

102 

101.5 

1000 

3651 

,  101.5 

101.5 

101.5 

1250 

102 

102 

102 

1500 

101.5 

102 

102 

1750 

102 

102 

102 

2000 

7855 

102 

102 

102 

2250 

102 

102 

102 

2500 

102 

102 

102 

2750 

102 

102 

102 

3000 

12059 

102 

102 

102 

Two  side  panels  were  longer  than  the  middle  panels. 

lateral  deflection  of  side  panels  parallel  to  the  plane  of  the 

wall  noticed.  Maximum  Load  recorded  =  4  500  psi. 

=  18366  Lbs. 


SAMPLE  NO:  1 

SAMPLE  DIMENSIONS:  10 '  x  6 '  X  4  Columns. 
PRE-LOAD:     700  Lbs. 

DATE  TESTED:   JULY  20  1987. 
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Wornock  Hersey  Professionol  Services  Ltd. 


AXIAL  LOAD  TEST  DATA. 


LOAD  -  GAUGE 
READING.  PSI. 


LOAD. 
LBS. 


DEFLECTIONS.   -  LATERAL,  (mm.) 
T=0  T=5  LOAD  RELEASED. 


300 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000 


12059 


24672 


20468 


16264 


7855 


3651 


700 


48 
47 
47 


49 
49 
49 


46.5 
45 


48.5 
48.5 
48.5 

48.5 
48.5 


47 


49 


48.5 
48.5 
48.5 

48.5 
48.5 
48.5 
48 


48.5 
48.5 
48.5 
48.5 
48.5 
48.5 


49 
49 
49 
49 
49 


Maximum  =  7700  psi.  =31819  lbs. 

Failure  by  buckling  in  the  plane  perpendicular  to  thwall. 
SAMPLE  NO:  2. 

SAMPLE  DIMENSIONS:    10 '   x  6 '   X  4Columns. 
PRE-LOAD:     700  Lbs. 

DATE  TESTED:   JULY  20  1987. 
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AXIAL  LOAD 

TEST 

DATA. 

LOAD  -  GAUGE 

LOAD. 

DEFLECTIONS  - 

LATERAL,  (mm.) 

READING.   PS I. 

LBS. 

T=0 

T=5 

LOAD  RELEASED 

300 

700 

47 

500 

1549 

47 

47 

47 

750 

46.5 

46.5 

47 

1000 

3651 

46.5 

46.5 

47 

±ZOkj 

46.5 

46.5 

1500 

46 

46 

47 

2000 

7855 

46 

46 

47 

2500 

45.5 

45.5 

3000 

12059 

45.5 

45.5 

47 

3500 

45 

45 

46.5 

4000 

16264 

44.5 

44.5 

46 

4700 

43 

42.5 

46 

5000 

20468 

42 

41 

46 

Maximum  =  6800 

psi.  =28035^  lbs 

Failure  by  buckling  in  the  plane  perpendicular  the  wall 
SAMPLE  NO:  3. 

SAMPLE  DIMENSIONS:   10 '   x  6  *  x  4  Columns. 
PRE-LOAD:     700  Lbs. 


DATE  TESTED:    20  JULY  1987. 
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AXIAL  LOAD  TEST  DATA. 


LOAD  -  GAUGE 
READING.  PSI. 


LOAD. 
LBS. 


DEFLECTIONS.   -  LATERAL.  (Ins.) 
T=0  T=5  LOAD  RELEASED. 


300 

750 

1000 

1250 

1500 

1750 

2000 

2500 

3000 

3500 

4000 

4500 

500 


7855 


16264 


12059 


24672 


700 


3651 


0 


.008 
.012 
.020 
.025 
.032 
.037 
.052 
.064 
.078 
.107 
.153 
.172 


.009 
.013 
.020 
.025 
.032 
.038 
.052 
.066 
.081 
.112 
.172 
.220 


-.001 
-.008 
-.006 
-.005 
-.005 
-.005 
-.006 
-.005 
-.004 
-.002 
+  .008 
+  .036 


Maximum  =  5700  psi.  =  23915  Lbs. 

Failure  by  buckling  in  the  plane  perpendicular  to  the  wall. 
SAMPLE  NO:  4 

SAMPLE  DIMENSIONS:   10 '   x  6 '  x  4  Columns. 
PRE-LOAD:     700  Lbs. 

DATE  TESTED:  AUGUST  22  1987. 
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APPENDIX  D 

WARNOCK  HERSEY  LETTER  DESCRIBING 
RESULTS  OF  FIRE  RESISTANCE  TEST 


Vi^fnock  Hersey  Professional  Services  Ltd, 


2n  Schoolhouse  Street.  CoquHlam.  BC  V3K  4X9 
Tel  (604)  520-332  1  Telex  04- 35 1  404 


July  14,  1986 

Cano  Structures  Ltd. 
7803P  -  35th  Street  S,E. 
Calgary,  Alberta 
T2C  1V3 

Attention:       David  Burnes,   P.  Eng. 
Dear  Sir: 

On  Tuesday,  June  10,   1986,  we  conducted  a  fire  resistance  test  on  a 
submitted  NASCOR  ™  R-20  wall  system  which  was  9'0  high,   14 '0  long 
and  5  1/2"  thick.     The  sample  partition  was  faced  on  each  side  with 
one  layer  of  5/8"  thick  fire  rated  gypsum  wallboard   (taped  and 
filled).     The  2  x  4's  in  the  columns  of  this  partition  were  inter- 
connected using  three  dowels   (one  near  the  top,  one  near  the  bottom, 
and  one  at  midheight)  . 

Testing  was  conducted  in  accordance  with  CAN4-S101  Standard  for 

Fire  Endurance  Testing  of  Building  Components,   for  a  one  hour  rating. 


The  attached  observation  chart  is  for  your  information-     The  partition 
began  to  loose  its  ability  to  support  the  applied  load   (2000  lbs.  per 
linial  foot)   at  39:25  minutes.     Post  test  inspection  of  the  partition 
revealed  that  the  dowel  concept  was  unsuccessful  because  charring 
occurred  at  the  dowel/stud  interface  resulting  in  freedom  of  movement 
(bowing) ,  of  the  walls.     Once  the  exposed  face  stud  degenerated 
sufficiently  to  result  in  a  non-symmetric  system  the  partition  failed. 

Yours  truly. 


WARNOCK  HERSB'Y 


)FESSIONAL  SERVICES  LTD. 


Howard  A.  Grisack,  A.Sc.T. 
Manager 

Western  Region 


HAG:llw  07-16 
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CLi  LNT:  CANO   STRUrTUPF^;  INC.  

TEST  SPECIMEN   DESCRIPTION:       LOAD   BEARING  WALL 


TIME  :MIN:SEC. 

EXPOSED 

UNEXPOSED 

1:24 

ignition  of  drywall  face 

2:00 

paper  burned  off  completely 

7:00 

N/C 

smoke  lower  right  (grey) 
side  when  drywall  ends 

17:00 

drywall  cement  fallen  off 

at   joints  and  screw  locationj 

smoke  &  water  vapour  ventinc 
at  lower  right  side 

21:00 

studs  flaming  at  exposed 
joints-  cracking  &  snapping 

smoke  continues  to  vent 
at  right  edge  &  at  several 
points  across  top. 

27:00 

wall  bowing  visibly  out 
of  furnace 

31:00 

bowing  visible 

flaming  at  studs  at  drywall 

joints 

grey  smoke  venting  at 
both  top  corners 

37:00 

foam  burning  on  sill  at  base 
of   studs  at  drywall  joints 

smoke  continuing  to  vent 
at  top  corners 

39:25 

load  not  holding 

40:35 

Fire  Endurance  Test  - 
d  i  scon tin ued . 
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APPENDIX  E 


WARNOCK  HERSEY  TEST  REPORT  ON 


SCREWS  AND  ADHESIVES 


i 

I 


^mock  Hcfscy  Professionol  Services  Ltd, 

21 1  Schoolhouse  St..  Coquitlam.  B.C.  V3K  4X9  -  {604)  520-3321  -  Telex  04-351404 


REPORT  OR       Physical  Tests 

^j.  Coquitlam  Laboratory 

project:  50489  C7  457900 

REPORTED  to:    Cano  StructurGS  Inc. 

7803P  35th  Street,  S.E. 
Calgary,  Alberta 
T2C  1V3 


o^TE    June  29,  1987 
1/87 


REPORT  NO. 


ORDER  NO. 


INTRODUCTION; 

As  requested,  we  have  carried  out  Lateral  Resistance  and 
Screw  Withdrawal  Resistance  Tests  on  samples  of  "Lo-Root" 
No.   10  wood  screws  submitted  by  Cano  Structures  Inc. 

Tests  were  carried  out  in  accordance  with  A.S.T.M.  Standard 
D1761   -  "Mechanical  Fasteners  in  Wood". 


TEST  RESULTS: 


1 .     Lateral  Resistance  in  Spruce  Pine  Fir 


SAMPLE  NO.       LATERAL  RESISTANCE         MODE  AT  FAILURE 

1  378  lbs.  Screw  sheared 

2  330  lbs.  Screw  sheared 

3  393  lbs.  Head  pulled  through 

4  489  lbs.  Screw  sheared 

5  411   lbs.  Screw  sheared 

6  418  lbs.  Screw  sheared 

7  438  lbs.  Screw  sheared 


Average  408  lbs. 

Allowable  lateral    resistance  per  screw  based  on  safety  factor 
of  6  +  10%  /2 

=  — ^  X  1.1  =  75  lbs. 


ALU  mo'om-i  auc  twc  cowtocktial  momrrf  or  o-Cnts.  i^joucatxx  or  statemcwts.  o>*ci.usk>ns  or  extracts  from  or  rccaronc  cor 
RCRORTS  IS  NOT  rcRMrrrto  wttmout  cor  wmmr*  AffROVAt.  any  uabkjtv  attacheo  thcrcto  is  UMfTEO  to  tmc  fee  charged 
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Wornock  Hersey  Professional  Services  Ltd. 


Cano  Structures  Inc 
Report  No.  1/87 
Page  2 


TEST  RESULTS c  Continued 

2 .     Screw  Withdrawal  Perpendicular  to  Grain  Spruce  Pine  Fir 

SAMPLE  NO.  WITHDRAWAL  RESISTANCE 

1  1008  lbs. 

2  1182  lbs. 

3  1176  lbs. 

4  1203  lbs. 

5  1156  lbs. 


Average  1145  lbs. 

Screw  Withdrawal  Parallel  to  Grain  Spruce  Pine  Fir 

SAMPLE  NO.  WITHDRAWAL  RESISTANCE 

1  830  lbs. 

2  855  lbs. 

3  826  lbs. 

4  875  lbs. 

5  840  lbs. 


Average  845  lbs. 

WARNOCK  HERSEY  PROFESSIONAL  SERVICES  LTD 


A- 


F.   Mawani,   P.  Eng., 
Supervising  Engineer 

Field  Inspections  &  Physical  Testing 

FM/tr/87.06.29 

480.D4.PC. 
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^frK)ck  Hersey  Prd€sskxx3l  S€fvk«5  Ltd 

21 1  Schoolhous©  St.,  Coquitlam.  B.C.  V3K  4X9  -  (604)  520-3321  -  Telex  04-351404 


«CPORT  OF: 


PfiOJtCT: 


RCPO«TCO  TO: 


Physical  Tests 
Coquitlam  Laboratory 

50489  C7  457900 

Cano  Struct;ires  Inc, 
780 BP  35th  Street^  S.E, 
Calgary,  Alberta, 
T2C  lv3 


^""^^    August  22,  1987 

REPORT  NO.  2/87 
CROCK  NO. 


INTRODUCTION; 

We  have  carried  out  additional  Lateral  Resistance  tests  on  samples 
of  "Lo-Root"  3  inch  and  5  inch  No*  10  wood  screws  submitted  by 
Cano  Structures  Inc,  Lateral  Resistance  values  of  screws  in 
S.P.F.  grade  lumber  were  determined,  for  penetration  into  the 
end  grain, 

TEST  DATA; 

Moisture  Content  of  Lumber  16% 
Specific  Gravity  of  Lumber  0.42 
Depth  of  Penetration  of  the 
screw  in  the  member  receiving 
point (i.e.  into  the  end  grain)  1^" 

TEST  DESCRIPTION 

See  enclosed  sketches^ 

TEST  RESULTS; 

Lateral  Resistance  in  Spruce  Pine  Fir  Lumber  -  3"  Screws 


SAMPLE  NO.     LATERAL  RESISTANCE     MODE  AT  FAILURE 


1  496  lbs.  Wood  Failure  in  Cross  Member 

2  589  lbs.  Wood  Failure  in  Cross  Member 

3  54  5  lbs  Wood  Failure  in  Cross  Member 

4  290  lbs  Wood  Failure  in  Cross  Member 

5  567  lbs.  Wood  Failure  in  Cross  Member 


Average  4  97  lbs. 


 /2 

Au.  w>o»rr«  A«c  t>«  cownoomAt.  Fwowti  v  of  cxjcnts.  wjoucA-noN  or  statc-cnts.  cowcxusiONS  o«  ormAcrs  moM  oft  wcgarwmc  oun 
rn^omm  m  not  ptHMmrro  witxh/t  our  wmrrcN  AfrwovAi.  any  uawuty  attacwcd  twcjwto  is  uMrrED  to  tmc  fee  cwARCca 
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Vvbmock  Hersey  ProfessionQl  Services  Ltd 


'<fe'x  372*  ^^oJ 


3'  Saeoo 
cod  gr^m    ^  Crces  member  J 


<<f5/  ^ef  up  lor    3"  Screa) 


5  Scx&uO 


5  ScieuQ 


-fesV  5e\^   Up  jor  5" Bczei^o 
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Cano  Structures  Inc. 
Report  No.  1/87 
Page  2 


TEST  RESULTS;  Continued 

Allowable  Lateral  Resistance  per  3"  screw  drive  li"  into 
the  end  grain  of  S.P.F.  lumber  based  on  safety  factor 
6  =  10%  criteria. 

+  492 

6      X  1.1  =  91  lbs. 

2.  Lateral  Resistance  in  Spruce  Pine  Fir  Lumber  -  5"  Screws 


SAMPLE  NO.     LATERAL  RESISTANCE  MODE  OF  FAILURE 


1  392  lbs.  Wood  Failure  in  Cross  Member 

2  485  lbs.  Wood  Failure  in  Cross  Member 

plus  1  screw  sheared  off. 

3  404  lbs.  Wood  Failure  in  Cross  Member 

4  ,477  lbs.  Wood  Failure  in  Cross  Member 

5  324  lbs.  Wood  Failure  in  Cross  Member 

6  348  lbs.  Wood  Failure  in  Cross  Member 


Average  405  lbs. 


Allowable  Lateral  Resistance  per  5"  screw  driven  li" 

into  the  end  grain  of  S.P.F.  Lumber  based  on  safety  factor 

of  6+10%  criteria. 

=    405    X  1.1    =  74  lbs. 
6 

Warnock  Hersey  Professional  Services  Ltd., 

F.  Mawani,  P.  Eng. 
Manager , 

Field  Inspections  &  Physical  Testing 
fm 
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^mock  Horsey  ProfessionQl  Services  Ltd. 

211  Schoolhouse  St.,  Coquitlam.  B.C.  V3K  4X9  -  (604)  520-3321  -  Telex  04-351 404 


REPORT  OF: 


PROJECT: 


Physical  Tests 
Coquitlam  Laboratory 
50489  C7  457900 


DATE    June  29,   19  8  7 
2/87 


REPORTED  TO:    CaHO  StructuTes  Inc. 

7803P  35th  Street,  S.E, 
Calgary,  Alberta 
T2C  1V3 


REPORT  NO. 


ORDER  NO. 


INTRODUCTION: 


As  requested,  we  have  carried  out  Comparative  Shear  Tests 
on  two  types  of  glues  used  to  bond  polystyrene  core  to  2"  x 
4"  nominal  size  Spruce  Pine  Fir  specie  studs. 


TEST  METHOD 


Four  inch  long  specimen  of  studs  with  polystyrene  core 
bonded  between  two  studs  in  flat  orientation  i.e.  to  3  1/2" 
face  were  tested  by  compression  loading. 

The  test  specimen  was  supported  on  a  shear  jig  and  a 
compressive  load  was  applied  to  the  styrene  core  at  a  rate 
to  obtain  failure  in  approximately  five  minutes.  Maximum 
load  required  to  achieve  failure  for  the  four  inch  long 
specimen  was  recorded. 

The  following  two  types  of  glues  were  used: 

1 .  Dural  PVA  White  Glue 

2.  Morton  Thiokol   Inc.   MOR-AD  336. 


./2 
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Cano  Structures  Inc. 
Report  No.  2/87 
Page  2 

TEST  RESULTS:' 

1 .  Average  force  required    to    achieve  failure  in  four  inch 
long  specimen  bonded  with  Dural  PVA  White  Glue 

=148  lbs.     (Average  of  140  specimens) 

2.  Average  force  required  to  achieve     failure     in  four  inch 
long  specimen  bonded  with  MOR-AD  336  Glue 

=166  lbs.     (Average  of  80  specimens). 
WARNOCK  HERSEY  PROFESSIONAL  SERVICES  LTD. 


F.  Mawani,  P.  Eng., 
Supervising  Engineer 

Field  Inspections  &  Physical  Testing 

FM/tr/87.06.29 

480.D4.PC. 
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RECEIVED  AUG  1  1986 


Vtornock  Hersey  Professional  Services  Ltd. 

211  Schoolhouse  street.  Coquitlam.  B.C.  V3K  4X9  Tel:  (604)  520-3321  Envoy  WPM  8076 


August  6,  1987 

I.C.B.O.  Evaluation  Service,  Inc. 
5360  South  Workman  Mill  Road 
Whittier,  CA  90601 

Attention:  Mr.  R.  Krivchuk,  P.E. 

Dear  Mr.  Krivchuk 

RE:   CANO  STRUCTURES  INC.   FILE  NO.  87-9-5 

Herewith  please  find  the  additional  information  you 
requested  with  regards  to  our  testing  on  Glue 
Comparison  Tests  and  Lateral  Capacity  of  3"  screws 
used  by  Cano  Structures  Inc. 

1 .  Glue  Comparison  Test 

Dural  Morton  Thiokol 

PVA  White  Glue  Inc.  Morad  336 

1.  Rate  of  Glue 

Spread  250  sq.ft. /gal.         250  sq.ft. /gal 

2.  Density  of 
Polystyrene 

Ibs/cu.ft.  0.90  -  0.97  0.90  -  0 . 9L 

3.  Moisture  contact 

of  S.P.F.   studs*  8%  to  15%  8%  to  15% 

In  approximately  90%  of  the  sample,  the  failure  was  in 
the  polyshrene.     The  failure  mode  for  each  sample  was 
not  recorded. 

*  Checked  on  random  samples. 


../2 
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Wornock  Hersey  Professional  Services  Ltd. 

Page  2 

2 .  Lateral  Resistance  of  "Lo-Root"  No.   10  Wood  Screws 

1.  Specific  Gravity  of  S.P.F.   lumber  =  0.41 

2.  Moisture  Kiln  Dried  Content  of  S.P.F.   lumber  =  8.25  % 

3.  Depth  of  penetration  of  the  screw  =  Length  of  the  threaded 


Also^  please  find  enclosed  additional  information  from 
CANO  Structures  Inc. 

Yours  truly, 

WARNOCK  HERSEY  PROFESSIONAL  SERVICES  LTD., 


Far id  Mawani,  P.  Eng., 
Manager, 

Field  Inspections  &  Physical  Testing 

FM/mg  87-08-06 
End . 


portion 
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APPENDIX  F 

ICBO  EVALUATION  SERVICE  INC. 
EVALUATION  REPORT  #4491 


! 


! 

i 
i 

■j 
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ICBO  Evaluation  Service,  Inc. 

A  subsidiary  corporation  of  the  International  Conference  of  Building  Officials 

Report  No.  4491 

EVALUATION  REPORT  Sepre..ber,  1987 

Filing  Category:  ROOF,  WALL  AND  FLOOR  PANELS-Wbod 


NASCOR  I  AiND  NASCOR  II  R-20  WALL  SYSTEMS 

CANO  STRUCTURES,  INC. 

7803  P  35TH  STREET,  S.E. 

CALGARY,  ALBERTA,  CANADA  T2C  1 V3 

1.  Subject:  NASCOR  I  and  NASCOR  II  R-20  Wail  Systems. 

II.  Description:  A.  General:  NASCOR  wall  systems  are  tactory- 
assembled  exterior  load-bearing  wall  panels  of  w  ood  framing  and  expanded 
polystyrene  (EPS)  foam  plastic  infill  panels.  Panel  lengths  vary  up  to  16 
feet.  The  lumber  grade  and  species  comply  with  Table  No.  I.  Foam  plastic 
consists  of  BASF  Wyandotte.  Inc. .  BF-322  polystyrene  beads,  recognized 
in  Evaluation  Report  No.  .UOI .  expanded  to  a  nominal  density  of  i  .0  pound 
per  cubic  foot  to  the  thickness  noted  in  this  report. 

B.  NASCOR  I  Wall  System:  I.  General:  NASCOR  I  Wall  System 
panels  consist  of  wood  studs  conventionally  oriented  and  factory  installed 
into  I  '/2-inch-wide  by  3'/2-inch-deep  notches  on  the  interior  wall  face  of 
4'/:-inch-thick  EPS  foam  plastic  infill  panels.  Sec  Figure  No.  I .  The  wood 
studs  are  spaced  at  12.  16  or  24  inches  on  center  and  adhered  to  the  intill 
panels  with  Morton  Chemical  Corporation  Mor-Ad  .^36  adhesive  recog- 
nized in  Evaluation  Rept^rt  No.  3462.  The  foam  plastic  infill  width  is  the 
same  as  the  stud  spacing.  A  I  '/:-inch-square  foam  plastic  spline  is  frictit)n 
fitted  into  vertical  and  horizontal  splices  of  the  infill  panels.  Each  infill 
panel  has  a  '.'lo-inch-decp  by  1  ":-inch-wide  vertical  groove  on  the  exterior 
face  at  each  stud  location  to  facilitate  installation  of  exterior  finishes.  A  I- 
inch-wide  bv  I  Va- inch-deep  horizontal  electrical  key  way  is  cut  into  the 
interior  face  of  the  infill  panels  24  inches  from  the  bottom.  The  wDod  studs 
are  drilled  in  the  field  at  the  electrical  key  way  with  the  bored  holes  conform- 
ing to  Section  2517  (g)  9  of  the  code. 

Single  2  by  4  top  and  bottom  plates  are  factory  attached  to  each  wood  stud 
with  two  No.  10  by  3-inch-ioMg  wood  screws. 

Lintels  at  wall  openings  consist  of  a  '/2-mch-thick  EPS  core  and  2  by  10  or 
2  by  1 2  wood  facings  laminated  w  ith  an  adhesive  and  two  row  s  of  1 6-penny 
common  nails  spaced  at  16  inches  on  center  One  2  by  4  full  height  stud  and 
one  2  by  4  cripple  stud  fastened  together  w  ith  No.  10  by  3-inch-Iong  wood 
screws  spaced  at  24  inches  on  center  are  used  at  each  jamb.  Lintel  ends  are 
attached  to  the  full  height  studs  with  four  No.  10  by  3-inch-long  wood 
screws.  Each  end  of  2  by  4  wood  sills  are  attached  to  the  wall  opening  studs 
with  three  No.  10  by  3-inch-long  wood  screws. 

One-inch-thick  foam  plastic  fillers  furnished  with  panels  are  field  in- 
stalled on  the  exterior  face  of  the  panels  at  the  top  plate,  bottom  plate, 
lintels,  and  wall  corners.  The  foam  plastic  is  the  same  as  the  EPS  foam 
plastic  infill  panels. 

2.  Design:  NASCOR  I  wall  panels  are  considered  conventional  construc- 
tion in  accordance  with  Section  25 1 7  (g)  of  the  code.  Sufficient  calculations 
and  details  must  be  furnished  to  the  building  official  indicating  compliance. 
Maximum  load  bearing,  and  nonload  bearing  laterally  unsupported  wall 
heights  are  10  and  14  feet,  respectively,  as  specified  in  Table  No.  25-R-3of 
the  code.  Multiple  studs  in  the  wall  panels  at  girder  supports  must  be 
designed  and  constructed  in  accordance  with  the  code. 

3.  Installation:  Wall  panels  are  lifted  into  place  and  interlocked  by 
sliding  the  panels  together  with  the  factory-installed  spline  on  one  end  of  the 
panel  pres.sed  into  the  slot  of  the  adjacent  panel.  A  2  by  4  wood  cap  plate  is 
attached  w  ith  16-penny  nails  spaced  at  16  inches  on  center.  The  cap  plate 
must  have  a  minimum  48-inch  lap  length  and  overlap  panels  at  wall  corners. 
Wall  panels  are  toenailed  to  floor  joists  or  2  by  4  wood  plates  w  ith  1 6-penny 


nails  spaced  at  1 0  inches  on  center.  Plates  comply  with  Section  25 1 6  (c)  3  of 
the  code  and  are  installed  in  accordance  with  Section  25 17(b).  See  Figure 
No.  5. 

The  interior  wall  finish  of  '/2-inch-thick  gypsum  wallboard  is  installed  in 
accordance  with  Section  471 1  of  the  code. 

The  foam  plastic  filler  pieces  supplied  w  ith  the  wall  panels  are  attached  to 
the  exterior  face  of  the  wood  framing  with  No.  16  gauge  by  2-inch-long 
galvanized  staples  having  a  "'/16-inch-wide  crown  spaced  at  16  inches  on 
center. 

A  weather-resistive  barrier  must  be  installed  on  the  exterior  face  of  panels 
in  accordance  with  Section  1707  (a)  of  the  code.  Exterior  finish  or  exterior 
plaster  is  installed  in  accordance  with  Section  25  16  (g)  and  4708.  respec- 
tively, except  1-inch  longer  fasteners  are  used. 

C.  NASCOR  II  R-20  Wall  System:  I .  General:  NASCOR  11  R-20  Wall 
System  panels  consist  of  5'/:-inch-thick  expanded  polystyrene  (EPS)  foam 
plastic  infill  panels  and  vertical  framing  elements  identified  as  columns. 
See  Figure  No.  2.  Columns  consist  of  an  expanded  polystyrene  foam  plastic 
core  and  two  2  by  4  wood  studs  lammated  with  Morton  Chemical  Corpora- 
tion Mor-Ad  336  adhesive  and  fastened  together  with  5-inch-long  nails 
spaced  18  inches  on  center  See  Figure  No.  4.  The  infill  panel  widths  are 
8'/;.  l2'/2  and  20'/:  inches  for  column  spacings  of  12.  16  and  24  inches, 
respectively.  A  I  'o-mch-square  foam  plastic  spline  is  friction  fitted  into  the 
joint  between  the  infill  panel  and  column.  The  interior  face  of  the  infill 
panel  has  a  I -inch-wide  by  1  Va-inch-deep  horizontal  electrical  keyway 
located  24  inches  from  the  bottom  of  the  wall  panel.  The  EPS  core  of  the 
columns  has  a  horizontal  I -inch-wide  by  '/2-inch-deep  notch  behind  the  2 
by  4  stud  to  provide  the  wall  panel  with  a  continuous  horizontal  electrical 
keyway. 

Lintels  at  w  all  openings  consist  of  a  2'/;-inch-thick  foam  plastic  core  and 
two  2  by  1 0  or  2  by  12  wood  members  laminated  with  an  adhesive  and  two 
rows  of  40-penny  common  spiral  nails  at  16  inches  on  center  Lintels  are 
supported  by  a  2  by  6  cripple  stud  at  each  end.  A  full-height  end  post  is 
installed  adjacent  to  each  cripple  stud.  Cripple  studs  are  attached  to  the 
adjacent  full-height  end  post  with  No.  10  by  3-inch-long  wood  screws 
spaced  at  16  inches  on  center  End  posts  are  the  same  as  the  previously 
described  columns  except  the  polystyrene  core  of  the  end  post  has  only  one 
longitudinal  notch  to  receive  the  foam  plastic  spline. 

End  posts  are  attached  to  each  wood  member  of  the  lintel  with  two  No.  10 
by  5-inch-long  wood  screws.  Ends  of  2  by  6  sills  are  attached  to  the  cripple 
studs  with  three  No.  10  by  3-inch-long  wood  screws.  See  Figure  No.  3. 

Single  2  by  6  top  and  bottom  plates  are  factory  attached  to  each  stud  of 
each  column  and  end  post  w  ith  two  No.  10  by  3-inch-long  wood  screws.  The 
bottom  olate  is  attached  to  each  cripple  stud  with  three  screws. 

2.  Design:  Allowable  loads  for  the  NASCOR  II  R-20  wall  panels  are 
specified  in  Table  No.  II.  The  exterior  wall  finish  must  resist  required  wind 
loads  perpendicular  to  the  wall  plane.  Wall  opening  headers  and  cripple 
studs  are  designed  in  accordance  with  the  code.  Sills  are  designed  in 
accordance  with  the  code.  The  sill-to-cripple-stud  connection  has  a  maxi- 
mum load  capacity  of  182  pounds.  The  racking  shear  capacity  of  the  wall 
panels  having  '/2-inch-thick  gypsum  wallboard  attached  to  the  interior  face 
of  each  column  with  1  Vn-inch-long  drywall  screws  spaced  at  12  inches  on 
center  is  38  pounds  per  lineal  foot  of  wall.  The  maximum  allowable  shear 
wall  height-to-length  ratio  is  I '/i  to  I.  Plans  and  calculations  for  each 
project  showing  compliance  with  this  report  must  be  submitted  to  the 
building  official  for  approval.  Multiple  studs  at  girder  supports  and  their 
connections  must  be  designed  and  constructed  in  accordance  with  the  code. 


Evaluation  reports  of  ICBO  Evaluation  Service,  Inc.,  are  issued  solely  to  provide  information  to  Class  A  members  of  ICBO,  utilizing  the  code  upon 
which  the  report  is  based.  Evaluation  reports  are  not  to  be  construed  as  representing  aesthetics  or  any  other  attributes  not  specifically  addressed  nor  as 
an  endorsement  or  recommendation  for  use  of  the  subject  report. 

This  report  is  based  upon  independent  tests  or  other  technical  data  submitted  by  the  applicant.  The  ICBO  Evaluation  Service,  Inc. ,  technical  staff  has 
reviewed  the  test  results  and/or  other  data,  but  does  not  possess  test  facilities  to  make  an  independent  verification.  There  is  no  warranty  by  ICBO 
Evaluation  Service,  Inc.,  express  or  implied,  as  to  any  "Finding"  or  other  matter  in  the  report  or  as  to  any  product  covered  by  the  report.  This 
disclaimer  includes,  but  is  not  limited  to,  merchantability. 
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3.  Installation:  Wall  panels  are  lifted  into  place  and  interlocked  by 
sliding  panels  together  with  the  factory-installed  spline  on  one  end  of  the 
panel  pressed  into  the  slot  of  the  adjacent  panel.  A  2  by  6  wood  cap  plate  is 
field  installed  and  panels  are  attached  to  the  floor  in  accordance  with 
approved  plans.  See  Figure  No.  5. 

The  intenor  wall  finish  of  '/;-inch-thick  gypsum  wallboard  is  installed  in 
accordance  with  Section  471 1  of  the  code. 

A  weather-resistive  barrier  must  be  installed  on  the  exterior  face  in 
accordance  with  Section  1 707  (a)  of  the  code.  E.xterior  finishes  or  exterior 
plaster  are  installed  in  accordance  with  Sections  2516(g)  and  4708,  respec- 
tively, of  the  code. 

D.  Identification:  The  interior  face  of  each  pt)lystyrene  infill  panel  is 
identified  with  the  word  "'NASCOR."  the  manufacturer's  name  and  the 
evaluation  report  number.  The  NASCOR  i  field-installed  expanded  poly- 
styrene filler  pieces  are  packaged  in  plastic  bags  bearing  the  manufacturer's 
name  and  address.  Additionally,  each  wall  panel,  each  package  of  NAS- 
COR I  polystyrene  filler  pieces  and  each  NASCOR  II  R-20  column  and  end 
post  of  each  wall  panel  has  a  label  bearing  the  manufacturer's  name, 
evaluation  report  number,  and  the  name  of  the  quality  control  agency 
(WarntKk  Hersey  Professional  Services  Ltd..  NER-QA  219). 

111.  Evidence  Submitted:  Report  of  transverse,  axial  and  racking  shear 
tests  of  NASCOR  II  R-20  wall  panels  and  quality  control  manuals. 


Rndings 

IV  Findings:  That  the  NASCOR  1  and  NASCOR  II  R-20  Wall  Sys- 
tems described  in  this  report  comply  with  the  1985  Uniform  Building 
Code,  subject  to  the  following  conditions: 

1.  The  wall  panels  are  fabricated  and  installed  in  accordance  with 
this  report  and  the  manufacturer's  instructions. 

2.  Plans  and  calculations  are  submitted  to  the  local  building  offi- 
cial justifying  that  NASCOR  II  R-20  wall  panel  loads,  based  on 
the  building  design,  do  not  exceed  allowable  loads  in  this  report. 

3.  The  remaining  portions  of  the  structure  are  designed  and  con- 
structed in  accordance  with  the  code. 

4.  Exterior  wall  panels  are  provided  with  a  complying  weather- 
resistive  barrier  and  wall  covering  complying  with  the  code. 

5.  The  panels  are  limited  to  Type  V-N  construction. 

6.  Electrical  and  plumbing  installations  are  not  a  part  of  this  report 
and  require  approval  by  the  building  official. 

7.  The  wall  panels  are  fabricated  at  the  Calgary,  Alberta,  Canada, 
facilitv  with  quality  control  follow-up  inspections  by  VVarnock 
Hersey  Professional  Services  Ltd.,  NER-QA  219. 

This  report  is  subject  to  re-examination  in  one  year. 


TABLE  NO.  I— WOOD  MEMBER  DESCRIPTIONS 


COMPONENT 

SIZE 
(Inches) 

LENGTH 
(Inches) 

SPECIES  AND  GRADE1 

NASCOR  1  Studs, 
cripple  studs,  and 
corner  posts 

2  by  4 

92^« 

Spruce-pine-fir  stud  grade- 

to  16X  max 

Spruce-pine-fir  No.  1  or  2 

NASCOR  II— R-2() 
Columns  and 
end  posts 

2  by  4 

92^'H 

Spruce-pine-fir  stud  grade- 

lo  1  20  max. 

Spruce-pine-fir  No.  1  or  2 

NASCOR 1 
Top  plates,  hxtom 
plates,  window  sill 
plates  and  beam 
supports 

2  by  4 

Vanes 

Spruce-pine-fir  No.  1  or  2 

NASCOR  II— R-20 
Top  plates,  bottom 
plates,  window  sill 
plates,  cripple 
studs  and 
beam  supports 

2  by  6 

Varies 

Spruce-pine-fir  Ni).  i  or  2 

NASCOR  I  and 
II— R-20 
Lintels 

2  bv  10 
2  by  1 2 

Varies 

Spruce-pine-fir  No.  1 
or  2.  or  Douizlas  fir-larch 
No.  1  or  2 

'All  lumber  is  graded  by  Alberta  Foresi  Pruducis  AssiKiation.  Edmonton.  Alberta.  Canada, 
in  accordance  with  grading  rules  ol  ihc  Naiional  Lumber  Grades  Authority  t'orCanadian 
lumber. 


-Lumber  is  linger  jointed  and  is  graded  m  accord.ince  with  SPS  I.  the  National  Lumber 
Grades  .Authority  Special  Prtxiucts  .Standard  lor  t  inger-jomied  structural  lumber 


TABLE  NO.  II— NASCOR  II  R-20  WALL  PANEL  ALLOWABLE  LOADS' 


WALL 
HEIGHT 
(Fe«t) 

COLUMN 
SPACING 
(Inches) 

AXIAL 
LOAD 
(Pounds 
per  loot) 

TRANSVERSE  LOAD  (psf) 

STRESS 

DEFLECTION 

LI  80 

L240 

S 

12 

2.730 

59.0 

43.  S 

32.S 

16 

2.047 

44.3 

32.9 

24.7 

24 

1 .365 

29.5 

21.9 

16,4 

9 

12 

2.52S 

29.2 

30  X 

23.2 

16 

1 .896 

21.9 

23.1 

17.4 

24 

1.264 

14.6 

15.4 

1  1.6 

10 

12 

2.327 

19.2 

22.6 

16  8 

16 

1.745 

14.5 

17.0 

12.6 

24 

1.163 

9.6 

11.3 

8.4 

I  AlloN^able  loads  for  walls  subjected  lo  combmed  axial  and  transverse  loads  are  determined 
by  ihe  ratio  ot"  actual  a.xial  load  to  allowable  a,\ial  load,  plus  the  ratio  of  actual  transverse 
load  lo  allowable  transverse  load  not  exceeding  1 .00. 
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POLYSTYRENE  FILLER  PIECE 


CORNER  POST 


•  SPLINED  STUD  POLYSTYRENE 
FILLER  PIECE 


POLYSTYRENE  INFILL 


WOOD  SPLINE  (TYR) 


INFILL 


DOUBLE  LINTEL 
SPLINED  STUD 


2  BY  4 

CRIPPLE  STUD 


POLYSTYRENE  SRLINE 


NOTE:  Single  2  by  4 
top  plate  not  shown 
for  clarity. 


FIGURE  NO  1— TYPICAL  NASCOR  I 
WALL  PANELS— ISOMETRIC  PLAN  VIEW 


•CAP  PLATE  INSTALLED  ON  SITE 


TOP  PLATE 

MECHANICAL 
FASTENER 


TYPICAL  WALL  ASSEMBLY— ELEVATION 

TWO  MECHANICAL  FASTENERS/STUD 


MECHANICAL 
FASTENER 


BOTTOM  PLATE 


■.SPLINE-^ 

TYPICAL  WALL  ASSEMBLY— PLAN 

FIGURE  NO.  2— NASCOR  II  R-20  WALL  PANEL 
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INFILL  PANEL 
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TOP  PLATE 


LINTEL 


THREE  3"  SCREWS  (TYP) 

WINDOW  SILL  PLATE 


24"  (610  mm)  MAX. 


END 
POST 


CRIPPLE 
STUD 


INFILL 


BOTTOM  PLATE 


FIGURE  NO.  3— NASCOR  II  R-20 
TYPICAL  WALL  OPENING  PANEL 
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FIGURE  NO.  4— TYPICAL  NASCOR  II  R-20  COLUMN 


-F4- 


Page  5  of  6 


Report  No.  4491 


ROOF  RAFTER 
CEILING  JOIST 


 NASCOR  I  OR  II  WALL  PANEL 

i       p- TOENAIL  TO  SILL  PLATE 


FIGURE  NO.  5— TYPICAL  INSTALLATION  DETAILS 
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I 
I 


END  VIEW 


[Jl     FLOOR  SYSTEM  ' 

'1 


J7 


BUILT-UP  BEAM 
NOTCHED  FOR  CAP  PLATE 


V 


ELEVATION 


NAILS  EACH  SIDE 


FULL-HEIGHT  STUD 


FIGURE  NO.  6— TYPICAL  BEAM  POCKET 
NASCOR  I  OR  II  WALL  SYSTEM 
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